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PREFACE 
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ABSTRACT 


Although  there  has  been  a  considerable  amount  of  work  on  short-term 
memory  for  verbal  material,  little  has  been  done  to  examine  the  extent  to 
which  the  findings  applicable  to  this  area  can  be  generalized  to  non-verbal 
material.  Some  work  with  discrete  movements  has  indicated  that,  unlike 
verbal  material,  there  is  a  rapid,  apparently  spontaneous  decay  of  a  dis¬ 
crete  movement  over  a  short  interval  of  time,  even  when  long  inter trial 
intervals  are  used.  It  is  also  found  that,  although  the  interpolation  of 
information-processing  tasks  in  the  retention  interval  does  not  affect 
the  retention  of  discrete  movement,  retention  is  adversely  affected  by 
the  interpolation  of  additional  motor  movements. 

A  series  of  three  experiments  examined  retroactive  interference  in 
the  retention  of  discrete  movements,  and  used  this  technique  to  examine 
the  encoding  of  a  discrete  movement.  The  apparatus  used  for  this  purpose 
was  a  manual  lever  which  could  swing  in  a  horizontal  plane.  The  lever 
could  be  moved  by  or  it  could  be  mechanically  driven,  moving  £'s  arm 
through  some  predeTermined  angle.  " 

The  first  experiment  involved  a  retention  interval  of  9  sec.,  with 
three  interpolated  movements.  Effects  examined  were  whether  recall  over 
the  same  path  as  used  during  presentation  was  any  better  than  recall  over 
a  different  path,  whether  there  were  any  effects  associated  with  the 
direction  of  movement  during  presentation  and  recall,  and  whether  there  was 
any  significant  practice  effect  in  this  situation.  Results  showed  a  sig¬ 
nificantly  increased  absolute  error  resulting  from  the  interpolated  movements, 
but  none  of  the  other  manipulations  had  any  effect. 

In  the  second  experiment,  the  position  of  interpolated  movements  within 
the  retention  interval  was  examined,  as  there  is  an  indication  in  the 
verbal  literature  that  interpolated  material  is  most  detrimental  when  it 
occurs  early  in  the  retention  interval.  Results  showed  a  significant 
tendency  for  recall  to  bo  poorer  when  material  was  interpolated  towards  the 
end  of  the  retention  interval.  Possible  reasons  for  this  were  discussed, 
and  it  was  concluded  that  the  spontaneous  decay  effects  found  with  discrete 
movements  were  responsible.  Similarity  effects  along  the  dimension  of 
angile  size  were  not  found.  There  was  no  tendency  for  recall  to  be  poorer 
when  the  interpolated  angle  was  closer  in  size  to  the  target  angle,  nor 
for  the  poorly-recaiivled  angles  to  err  towards  the  magnitude  of  the  inter¬ 
polated  angle. 

In  the  third  experiment,  the  interpolated  material  involved  different 
components  of  a  complete  movement,  as  It  was  argued  that  those  components 
which  were  most  impOTtant  for  the  encoding  of  a  movement  would  produce  the 
greatest  interference.  Interpolated  material  included,  (a)  preparation  of 
the  movement,  in  which  £  began  a  movement  which  the  apparatus  completed  for  him. 
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and  (c)  passive  movement,  in  which  £  relaxed  while  the  apparatus  moved  his 
arm  through  the  entire  angle.  Results  indicated  that  forgetting  was 
directly  related  to  the  amount  of  motor  output  produced  by  £  during  the 
retention  interval.  A  novel  and  independent  means  has  therefore  been  used 
to  show  that  the  most  important  information  used  to  encode  a  discrete  move¬ 
ment  is  the  motor  output  required  to  execute  that  movement . 
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CHAPTER  I 

THE  RETENTION  OF  DISCRETE  MOVEMENTS 

In  the  past  few  years  there  has  been  a  rapid  increase  in  the  number  of 
studies  concerned  with  the  retention  of  discrete  movements.  The  respon¬ 
sibility  for  this  lies  largely  with  the  demonstrations  of  Adams  and  Dijkstra  (1966) 
and  Posner  and  Konick  (1966a)  that  discrete  motor  movements  could  be  used 
to  study  similarities  between  verbal  and  motor  short-term  memory  (STM),  since 
they  are  amenable  to  many  of  the  manipulations  that  have  long  been  favorites 
in  the  verbal  field.  While  this  recent  literature  has  largely  been  concerned 
with  showing  whether  decay  or  interference  effects  predominate  in  motor  STM, 
there  is  a  body  of  earlier  work  concerned  with  the  general  question  of  how 
a  motor  movement  is  retained  under  circumstances  where  vision  is  not  used. 

Both  of  these  areas  will  be  covered  in  the  present  review.  One  large  body 
of  literature  which  will  be  omitted  is  the  work  on  knowledge  of  results, 
an  area  adequately  reviewed  by  I.  McD.  Bilodeau  (1966). 

The  Encoding  of  a  Discrete  Motor  Movement 

Except  for  some  earlier  studies  in  the  German  literature  (referred  to 
in  Hollingworth,  1909),  the  earliest  known  study  devoted  to  the  performance 
and  retention  of  discrete  motor  movements  is  Woodworth  (1899).  This  covers 
a  wide  range  of  aspects  of  the  performance  of  voluntary  movements,  and  contains 
many  simple  but  astute  observations,  and  a  wealth  of  experimental  data. 

Its  importance  is  only  slightly  reduced  by  the  fact  that  Woodworth  used  him¬ 
self  as  his 

On  the  performance  of  discrete  movements,  Woodworth  raises  the  question 
of  whether  a  given  movement  extent  feels  any  different  if  made  at  different 
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degrees  of  contraction  of  the  muscles  involved.  The  £  stood  i.;  one  position 
in  front  of  a  blackboard,  with  his  eyes  closed,  and  drew  a  series  of  four 
or  five  subjectively-equal  lines,  end  to  end,  beginning  as  far  to  the  left 
as  possible,  and  ending  as  far  to  the  right  as  possible.  It  appeared  that 
those  lines  drawn  at  the  middle  of  the  arm’s  movement  were  consistently 
longer  than  those  at  either  end.  Similar  results  were  obtained  by 
Hollingworth  (1909)  who  had  ^s  move  a  slider  along  a  track  under  similar 
conditions.  The  conclusion  drawn  is  that  because  movements  in  the  middle 
of  the  limb's  range  are  more  common,  they  are  the  easiest,  and  give  rise 
to  less  sensation  than  equal  movements  at  the  extremes.  Consequently,  in 
order  to  produce  movements  which  give  rise  to  equal  sensations,  it  is 
necessary  to  make  movements  which  are  longer  in  the  central  area  of  the 
range  than  at  the  extremes. 

Whatever  the  explanation  of  the  phenomenon,  Hollingworth  construes 
these  data  as  evidence  that  these  judgments  of  extent  are  not  based  upon 
joint  sensation.  Since  equal  line  segments  when  drawn  at  the  movement 
extremes  result  in  less  rotation  of  the  shoulder  joint  than  when  drawn  in 
the  middle^  judgment  based  on  this  joint  would  lead  to  an  overestimation 
of  a  given  length  when  drawn  in  the  middle,  rather  than  the  underestimation 
which  is  found.  P.uch  an  argument  as  this  perpetrates  a  confusion  analagous 
to  the  sign/code  confusion  discussed  by  Uttal  (1967).  The  simple  fact  that 
shoulder  rotation  expressed  in  degrees  is  related  in  some  way  to  the 
movements  under  study  does  not  mean  that  th^  movement  need  be  encoded  in 
terms  of  a  linear  transformation  of  the  number  of  degrees  of  shoulder 
rotation.  It  may  be  that,  (a)  the  shoulder  joint  has  nothing  to  do  with 
the  sensation,  or  that,  (b)  the  shoulder  joint  is  more  sensitive  to  movements 
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at  its  rotation  extremes,  or  even  that  (c)  there  is  some  elaborate  trans¬ 
formation  of  the  output  of  the  joint  receptors  which  results,  in  a  greater 
sensitivity  at  the  rotation  extremes.  Functionally,  (b)  and  (c)  are  identical. 
With  respect  to  both  of  these,  Howard  and  Templeton  (1966)  quote  a  finding 
of  Angier  (1905)  indicating  that  sensitivity  to  passive  movements  is  not 
greatly  affected  by  the  position  of  the  joint.  The  importance  of  this 
finding  would  depend  on  whether  active  and  passive  movements  produced  the 
same  effect  upon  joint  receptors,  a  point  on  which  there  is  little  information. 
In  spite  of  this,  Browne,  Lee  and  Ring  (1954)  found  that  anaesthesia  in  a 
human  big  toe  joint  reduced  its  sensitivity  to  passive  movement.  There  is 
some  evidence,  therefore,  that  joint  sensation  is  not  ruled  out  as  a  source 
of  information  in  making  a  series  of  equal-length  movements,  but  there  is 
no  evidence  that  the  joint  sense  itself  is  directly  responsible  for  the 
underestimation  of  movements  in  the  middle  of  the  range. 

Hollingworth  makes  a  similar  oversight  in  ruling  out  muscle  receptors 
as  the  source  of  information  in  making  a  movement  of  a  particular  length. 

He  suggests  that  because  different  muscles  are  used  at  different  points 
in  the  whole  movement  range,  the  degree  of  muscle  contraction  could  not 
provide  an  adequate  basis  for  such  judgments.  Yet  it  is  possible  that 
the  information  from  all  the  muscles  involved  is  integrated  centrally 
to  provide  a  single  intensive  analog  of  the  position  of  the  limb. 

Mountcastle,  Poggio  and  Warner  (1963)  have  shown  this  to  occur  at  the 
tl^alamic  level  in  response  to  movements  of  the  knee  joint  of  the  cat  and 
monkey. 

One  example  of  the  type  of  study  Woodworth  carried  out  has  been 
given  above.  Many  others  were  also  directed  towards  discovering  just  what 
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is  sensed  and  remembered  when  a  movement  of  a  particular  extent  is  made 
without  vision.  Possibilities  considered  are  that  it  is  the  force  exertec, 
the  time  taken,  the  two  positions  marking  the  beginning  and  end  of  the  move¬ 
ment,  or  some  more  direct  sense  of  the  movement  extent,  independent  of  any 
of  the  previous  factors.  In  order  to  test  this,  Woodworth  drew  a  line 
under  one  set  of  conditions,  and  then  attempted  to  reproduce  the  extent 
under  different  conditions.  To  test  the  effect  of  force,  the  £  drew  a 
heavy  line  and  then  reproduced  a  light  one,  or  drew  a  line  and  then  repro¬ 
duced  the  extent  by  marking  the  end  points  with  d*ts.  For  the  effect  of 
time,  £  drew  a  line  with  a  fast  movement  and  then  T-eproduced  it  slowly. 

The  £  also  reproduced  a  line  in  a  physically  different  location,  as  in  the 
equal-segment  experiment  mentioned  above,  and  even  drew  a  linej  swung  his 
arm  to  one  side,  and  then  attempted  to  reproduce  the  line  in  the  same  position. 
Measurements  were  also  taken  under  conditions  where  more  than  one  of  these 
changes  were  made.  Although  significance  levels  were  not  given,  and  some 
of  the  measures  seem  strange  in  comparison  with  present  customs,  the  im¬ 
plications  are  clear.  In  the  line-drawing  situation  Woodworth  used,  any 
change  in  the  conditions  between  the  original  line  drawing  and  the  reproduction 
resulted  in  some  decrement  in  the  performance.  even  in  that  condition 

which  was  most  remote  ifrom  the  original,  where  a  line  drawn  with  the  hand 
was  reproduced  with  the  foot,  the  error  was  still  only  in  the  order  of  25% 
of  the  original  length.  The  implication,  for  Woodworth,  is  that  "there  must 
-be  a  sense  of  the  extent  of  a  movement,  a  sense  which  is  not  reducible  to  a 
sense  either  of  its  force  or  of  its  duration,  or  of  its  initial  and  terminal 
positions  (op.  cit . ,  p.  80,  italics  in  the  original)." 


One  alternative  source  of  information  on  the  movement  extent  is  the 
innervation,  the  motor  output,  required  to  perform  the  movement.  Woodworth 
dismisses  this  as  the  sole  basis  on  the  grounds  that  other  evidence  shows 
£s  to  be  capable  of  making  a  movement  and  then  judging  it  to  be  incorrect. 

If  the  innervation  were  the  sole  basis,  how  could  the  S  evex'  know  he  had 
moved  incorrectly? 

Two  points  will  be  made  with  reference  to  these  conclusions.  First, 
when  a  movement  is  made,  there  is  nothing  else  involved  but  some  preliminary 
decision  makihg,  the  motor  output,  and  the  various  kinds  of  feedback 
generated  by  the  output.  The  producti0n  of  a  single  movemei.'t  is  undoubtedly 
a  complex  affair,  but,  if  there  is  any  phenomenon  which  can  be  labelled 
a  direct  perception  of  the  movemGnt  extent,  it  must,  logically,  be  a  product 
of  these  components.  Given  the  integrational  capacities  of  the  central 
nervous  system,  it  is  possible  that  a  representation  of  the  extent  could 
be  obtained  by  abstraction  from  some  or  all  of  the  components,  and  it  is 
this  abstraction  which  is  r6;tained.  The  errors  that  Woodworth  found  to 
result  from  changes  in  the  original  conditions  would  then  result  from 
translating  the  abstraction  into  the  new  specific  instance.  Because  the 
abstraction  would  probably  retain  some  of  the  specifics  of  the  original 
movement,  the  more  of  these  that  are  changed,  the  greater  would  be  the 
translational  difficulty.  Before  too  much  is  made  of  this,  however,  it 
should  be  remembered  that  Woodwwth  used  himself  as  his  and  the  experiments 
should  therefore  be  replicated. 

The  second  point  is  in  reference  to  Woodworth's  dismissal  of  the 
innervation  or  motor  output  as  the  source  of  information  on  the  movement 
extent.  If  tdiat  is  stored  is  just  the  instructions  for  producing  the 
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original  output,  or  the  original  motor  program,  as  Keele  (1968)  would  call 
it,  then  this  program  could  be  activated  in  order  to  produce  a  movement 
identical  with  the  original.  But  when  some  conditions  at  the  time  of  repro¬ 
duction  are  different  from  whe  original,  a  translation  of  this  program 
would  have  to  be  made.  Upon  execution,  the  new  program  could  be  comparad 
with  the  old  by  means  of  a  central  feedback  loop,  and  the  results  of 
this  comparison  could  lead  to  a  judffMnt  that  the  movement  had  not  been 
made  correctly.  Alternatively,  it  may  be  that  this  translation  can  only 
be  made  at  the  time  of  actual  execution,  hence  the  fact  that  judgHsnti  of 
its  correctness  can  only  be  mads  after  it  is  too  late  to  correot  the 
translation.  Further  evidence,  largely  from  studies  which  have  attempted 
to  remove  kineesthetic  feedback  cues,  mill  be  given  to  support  the  position 
that  feedback  from  the  movement  itself  is  not  an  important  factor  in  these 
judgments# 

The  Role  of  Kinaesthetic  Feedback 

Lashley  (1917)  reports  a  study  on  a  patient  most  of  whose  leg  affm^mts 
were  missing  as  the  result  of  a  bullet  wound  to  the  spinal  e«^.  The  fact 
that  the  patient  could  not  keep  his  lower  leg  in  a  fixed  position,  mi  yet 
was  unaware  that  he  was  not  doing  so,  indiceted  that  no  functionally  useful 
efferents  rasulned.  Lashley  indicates  that  this  patient  was  able  to  make 
movements  of  a  consistent  amplitude  when  asked  to  repeat  the  same  movement 
sevcrel  times,  in  order  to  do  this,  he  must  have  bee£i  able  to  remember 
the  originel  motor  outputs,  and  have  been  able  to  roproduee  tham,  since  no 
other  infometion  about  tho  absoluto  poaitiona  Of  his  lag  or  tha  moveemnt 
extent  was  available.  Ve  are  ni>t  told  whother  Intact  Ss  ara  able  to  perfotm  > 
this  task  with  gpssttt*  aeeumey,  hut  Lssh)  iqr*s  finding  by  itsslf  mans  that 
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th«  orifiMl  Mtor  output  con  bo  rotoined,  and  contains  s'j^fflclonc  inforaation 
to  ponilt  voproduetioc  of  tht  i^vaMtnt.  Othor  tests  shoved  chat  when  the 
patient  was  aakod  to  Move  his  log  through  a  fixed  angle  against  various 
spring  loads  he  uas  unable  to  do  so,  indicating  the  fact  chat  afferent 
stiaulation  is  nesdsd  to  pemit  coepensation  for  changes  in  the  load 
conditions. 

Lastlo  (19fi6t  1967)  exaninod  the  perforaance  of  a  sinple  tapping  task 
undar  kinaasthetic  tans*  loss  isehaeaia.  A  sphyesonanoeetar  waa 
appliad  to  £'•  upper  arsit  with  the  result  that  after  Bin.  or  last  all 
klnaaathatic  aansation  was  lost,  at  judged  by  the  fact  that  £  could  not 
dataet  a  sweaBsnt  of  his  finger  asde  either  by  £  or  by  hicaelf .  He  could, 
however,  still  tap  his  fingar,  althou^  not  at  the  aaxlBua  rate.  Since 
other  evidence  indicates  thst  £b  possessed  suflieifnt  auscular  strength  to 
parfOm  tho  taids,  the  rate  decreMent  is  interprstsd  ss  evidenes  that 
faadback  is  nacaaaary  for  tht  bast  possibla  parforeance  of  such  a  task, 
fhia  suitasts  that  £■  wera  not  parforaing  the  tapping  task  autoaatically, 
but  w«ra  Mitiag  for  feedbsek  froa  each  rasponsa  bcfwe  initiating  tha  next. 
Lasslo  does  present  evidence  that  £s  were  ^la  to  learn  to  perfom  at  tha 
aoQ-iaehaeiiic  rate  aftir  stvaral  saasims  under  ischiMiia.  It  would  probably 
be  ilM  fise,  tiMi,  tlwit  a  aiusieal-instn»ent  player,  or  sqpeone  who  had 
already  learoed  to  tap  hit  finger  at  such  a  rate  that  th#  feedback  could 
not  be  a»Miitored  after  each  tap,  uould  not  be  affected  by  the  ischaoiiia, 
at  laaat  for  short  bursts  of  taps.  It  therefore  appears  that  for  rapid 
■oter  responding,  where  feedback  is  custoBarily  aonitiircd  after  ^eaeh 
raqKmsa,  tha  rasponsa  rate  is  depressed  ^  reaoval  of  the  feedback, 
but  that  £8  can  laam  to  perfora  without  it. 
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On  the  question  of  whether  a  response  can  be  retained  when  that  response 
is  initially  performed  without  feedback,  Knapp,  Tauh  and  bcman  (1963) 
aitd  Taub,  bacon  and  Berman  (1965)  carried  out  some  lnfor»ativa  ^rk  on  monkoyst 
They  daafferf»nted  the  f<^^l!iib,  neck  and  shoulder  of  a  series  of  sionkeys 
by  sectioning  the  appropriate  dorsal  roots*  evidence  is  given  that  all 
sen&ation  was  in  fact  abolished.  These  aonkeys  were  able  to  learn  to  flex 
their  deafferenred  exorealty  in  order  to  avoid  a  shock  in  a  tract  conditioning 
situation,  even  though  they  could  not  see  their  llnb.  In  order  to  exasiine 
the  perforaance  of  a  more  coordinated  response,  Taub,  Cllnan  and  fieraan  (1966) 
showed  that  deafferented  aonkeys  could  learn  to  grasp  a  fluid-filled  bag 
in  order  to  avoid  a  shock,  again  without  vision.  In  order  to  learn  such  a 
response,  the  aotor  output  required  oust  have  been  retained  froa  one  trial 
to  the  next. 

In  susaary,  it  appears  that  although  ftadback  is  required  for  tha 
perforaance  of  soae  responses,  a  response  can  be  retained  even  thouglt  it  it 
performed  wlth^t  fc^back.  farther  quantitative  evidence  on  the  retention 
of  a  response  initially  performed  without  feedback  is  needed.  Until  then, 
the  question  of  whethw  the  presence  of  feedback  at  the  tine  of  the  original 
perforaance  is  of  ahy  benefit  at  all  in  the  retention  of  the  response  cannot 
b<*  answered. 

The  Similarity  of  Motor  and  Verbal  Short-Tern  Haaory 

Although  there  have  been  mtiy  studies  of  factors  which  affect  the  for¬ 
getting  of  v««bal  material,  these  factors  have  not  been  studied  to  any 
great  extent  in  the  field  of  aotor  or  skill  learning.  This  has  perhaps 
been  for  the  siople  reason  that  most  ‘Studies  of  tha  long-term  retention 


of  notor  ro^Miises  hav«  shown  very  little  forgettingt  end  that  those 
MnlpuletioBs  which  have  been  att^spted  have  had  effect  on  retention. 

Howevert  as  shown  by  AaKons«  Tarr,  Block*  h'euear.,  D«y  and  Xarion  (i9S8), 
SOBW  discrete  Mtor  tasks  are  rapidly  forfotten*  and  it  aay  only  be  con¬ 
tinuous  sotor  tasks  which  are  so  resistant  to  forgetting.  Adans  UOS**)  has 
suggested  that  discrete  aotor  tasks  are  like  verbal  responses  !n  their 
susceptibility  to  forgetting,  there  is  reason  to  believe*  however*  that 
those  tasks  which  are  reuined  better  are  not  necessarily  contlnuoua*  but 
Involve  "organised  patterns  of  rasponse*  «r  aMningful  sequencaa  of  notor 
adjustaants  (Naylor  and  Briggs*  1961*  p.  6)."  In  view  of  Iteylor  and  Briggs' 
review*  this  will  not  bs  discussed  further  here.  It  does  stsn*  ho«fsver* 
that  cartain  diacrata  tasks  involve  the  sane  ordtr  of  forgettiivg  svar  short 
intervals  as  is  custoMrily  obstrvad  in  varhal  StM  studies. 

The  existence  of  this  rapid  foi^stting  hss  led  s  nunber  of  wsrkors  to 
study  the  phsnonsnon  with  largely  the  sane  techniques  that  hove  been  brought 
to  bssr  on  the  vsrbsl  snslog.  Adsns  end  Dijkstrs  (1966)  hsd  ssch  S  novs 
sn  unseen  slide  along  s  nstsl  bar  until  it  struck  a  stop*  end  then  return 
the  slide  to  the  start*  leaving  his  hand  sn  the  slide.  After  s  retention 
interval  of  up  to  120  sec.*  during  which  the  stop  was  ranoved,  £  estinated 
the  original  neventnt.  Sons  of  the  conditions  in  this  axperinent  involved 
presenting  the  novenent  up  to  IS  tines  before  beginning  the  retention 
interval.  The  results  srs  shown  in  Figure  1.  For  all  conditiaos  there  wee 
substantisl  forgetting  over  st  issst  sn  BO-sec.  unfilled  interval*  according 
to  a  function  which  appears  very  sinilar  to  the  forgetting  function  for  s 
sinilsr  nunbsr  of  presentations  of  a  three-consonant  trigran  with  a  fiUad 
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Fig.  1.  FcrfonMiki*  curves  for  throo  roinforosasnt  conditions  ns  n 
function  of  retention  intervnl. 

retontlon  Intervnl  (Hellyer,  1962).  The  nuthors  consider  nt  sons  length 
the  |»oosibillty  thet  Ss  verbnlly  encoded  the  novenent ,  end  thnt  the  forgetting 
represented  forgetting  of  this  verbal  nediator.  If  this  uere  so»  would 
have  had  to  label  accurately  seven  positions  between  10  and  la  ea»  a 
difficult  task  to  perfom  reliably  given  the  ln«an  absolute-judgivent 
capabilities.  And  again,  if  £&  were  using  verbal  labels,  nuoh  less  for¬ 
getting  than  actually  occurred  would  be  expected,  as  there  was  aaple 
opportunity  for  rehearsal.  Posner  and  Konick  (1966a)  were  also  concerned 
with  the  possibility  of  verbal  labelling,  and  they  included  a  grotqp  which 


was  told  the  actual  distance  in  inches,  rather  than  being  presented  with  the 
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■ovMMnt.  Tb«««  £s  c«iMr«lly  pcrfonMd  uorsa  than  Sb  uho  wer«  actually 
givan  tha  ■ovaaanta  vlthout  tha  varbal  labals.  Hone  of  these  argusents 
or  controls  ceaplataly  rules  out  tha  possibility  that  verbal  labels  play 
SOM  role  in  tha  ratantion  of  tasks  such  as  these,  but  they  do  Mke  that 
rola  at  aost  a  asall  one. 

Ratroactiva  Effaets 

Tha  first  intarfaranea  affects  to  be  studied  in  the  short-tent  retention 
of  aotor  rasponsar  uara  with  Mtarial  interpolated  in  the  retention  interval. 
In  a  series  of  studies  Posner  (Posner,  19(6,  19^7;  Posner  and  Kaniek,  1966a) 
axaainad  tha  affect  of  various  infonutim-proeassing  tasks  on  tha  retention 
of  a  discrete  aotor  aovaMnt.  Tha  apparatus  they  used  was  aodelled  after 
Bilodasu,  Sulsar  and  Levy  (1962),  and  involved  a  lever  which  etoved  in  a 
vertical  plana  in  firont  of  Two  of  these  levers  were  used,  one  fdr 
presentation,  and  one  fdr  recall.  On  OMh  trial  £  aoved  one  of  the  levers 
froa  one  stop  to  another,  then  perforaed  the  interpolated  task,  and  finally 
recalled  the  original  aoveaent  by  atte^>ting  to  aove  the  second  lever  tidrough 
the  ssM  angle  or  distance.  Retention  intervals  of  up  to  30  sec.  were 
used.  Their  asjor  finding  was  th/lt  an  interpolated  paper-and-p(«neil  task 
has  a  detriaental  effect  on  recall  only  when  $  is  sTdle  t&  sfe  the  aovcMnt 
of  the  lever.  When  the  task  was  purely  kinaesthstic,  no  such  effect  was 
observed.  This  is  in  contrast  to  the  verbal  situation  where  Posner  and 
RossMn  (196S)  deaonstrated  that  the  greater  the  aaount  of  infomation 
pracessod  during  the  retention  interval,  the  poorer  the  recall  of  the 
verbal  Mterial.  Posner  (1967)  coapared  retention  of  a  particular 
position  with  retention  of  an  angle,  or  distance.  In  the  latter  condition, 
the  starting  position  for  recall  was  always  a  different  position  from  that 
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ac  MhUh  Che  presentation  began.  The  £  was  thus  forced  to  retain  the  angle 
Mved  through  rather  than  being  given  the  option  of  rea— bering  either  the 
angle  or  a  pair  of  absolute  positions.  The  lack  of  any  significant  differenco 
between  these  two  conditions  shous  that  the  additional  infomstion  with 
respect  to  position  adds  nothing  to  S*b  parforaance,  a  result  which  would  be 
anpectcd  on  the  basis  of  lloodworth's  (1899)  finding  thnt  position  infor> 
suit  ion  is  not  retained  as  well  as  antent  inforaation. 

Several  other  studies  have  investigated  the  effects  of  interpolating 
aaterial  of  one  kind  or  another  in  the  retMtioo  interval  during  the  shorto 
tens  retention  of  a  discrete  aoveaent.  Boswell  and  Bilodeau  (1964)  had 
Sa  retrieve  a  pencil  froa  the  floor  during  the  retention  interval.  This 
aoveaent  produced  poorer  recall  than  when  ^  reasired  stiU  in  front  of  the 
apparatus.  The  aeasure  on  uhich  this  eonolusion  was  based,  however,  was 
the  correlation  between  the  response  prior  to  the  retention  interval  and 
the  response  after  it,  taken  across  all  Ss,  a  aeasure  discussed  in  acre 
detail  by  Bilodeau  (1966).  The  initial  response  was  of  no  fined  length, 

Che  S  was  siaply  tdld  to  alike  a  response  which  seaaad  natural  to  hia. 
bahrick  (1966)  bus  criticised  this  aeasure,  aainly  on  the  grounds  that 
decreases  in  this  correlation  are  likely  to  take  place  over  tins  as  a  result 
of  factors  other  than  forgetting.  The  absolute  error  data  in  the ‘Boswell 
and  Bilodeau  study  did  not  in  fact  reflect  the  differences  found  with  the 
correlation  aeasure.  On  the  other  hand,  where  differences  in  correlations 
are  cited  as  evidence  fet  the  differential  effect  of  one  oondition  over 
another,  with  the  saae  retention  intervals,  it  is  less  likely  that  the 
effects  are  artifaetual.  A  ftvther  point  is  that,  although  the  action  of 
retrieving  a  pencil  nay  have  had  an  effect,  it  was  probably  not  the  result 
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of  one  notoF  task  interfering  with  another,  as  one  verbal  task  would  interfere 
with  another  siailar  verbal  task.  The  action  of  bending  over  is  too 
dissiailar  to  that  involved  in  making  the  target  novenent  for  such  an  explana¬ 
tion  to  be  plausible.  Furthermore,  Posner  (1967)  found  no  effect  of  an 
interpolated  papar-and-pencil  task,  which  means  that  the  motor  component 
of  such  a  task  was  not  sufficient  to  result  in  a  recall  decrement.  It  is 
much  more  likely,  as  Poswell  and  Bilodeau  themselves  imply,  that  the  act 
of  bending  over  to  pick  up  the  pencil  simply  disoriented,  or  "disengaged," 
as  the  authors  put  it,  £  fr«m  the  apparatus,  with  a  consequent  drop  in 
performance c 

Blick  and  Bilodeau  (1963)  performed  an  experiment  in  which  the  inter¬ 
polated  activity  was  much  more  closely  related  to  the  retained,  or  target, 
rasponaa.  Both  the  target  and  the  interpolated  responses  were  arcs  drawn 
on  paper  with  the  aid  of  a  machine.  The  target  at*c  was  of  a  fixed  length, 
and  13  trials  were  given  to  each  £,  between  each  of  which  S  drew  an 
interpolated  are,  again  of  a  fixed  length.  There  were  five  groups  of  Ss, 
the  site  of  the  interpolated  arc  differing  from  group  to  group.  The  de¬ 
pendent  variables  were  absolute  error  and  the  variance  of  the  algebraic 
error.  Results  did  not  show  significance  for  the  Group  x  Trials  interaction, 
suggesting  that  the  different  interpolated  arcs  did  not  differentially 
affect  recall.  A  further  experiment  compared  no  interpolation  with  a  single 
interpolated  are,  but  again  there  was  no  difference  between  the  two  groups. 

This  experiment  attempted  to  maximise  the  possible  effect  of  the 
interpolation  by  providing  a  series  of  trials,  over  which  it  was  presupposed 
that  interferance  would  build  up.  However,  the  fact  that  the  interpolated 
are  was  always  the  same  en  each  trial  meant  that  the  interpolated  response 
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was  probably  being  learned  to  some  extent.  The  conditions  therefore  involved 
a  single  retained  response,  and  a  single  fairly-well-learned  interpolated 
response,  conditions  which  could  not  be  expected  to  maximize  interference. 

An  experiment  by  Williams,  Beaver,  Spence  and  Rundell  (1969)  has  shown 
that  interpolated  motor  movements  can  result  in  recall  decrements  when 
the  target  is  a  similar  movement.  Using  a  vertical  lever,  as  in  the  pre¬ 
vious  experiments,  ^  made  a  single  movement  which  was  recalled  after  0  or 
30  sec.  There  was  a  series  of  such  trials,  with  an  intertrial  interval 
of  15  sec.  During  the  retention  int^val  £  either  rested,  or  carried  out 
a  digital  paper-and-penciJ.  task,  or  else  he  attempted  to  reproduce  on  the 
apparatus  some  angles  drawn  on  successive  pages  of  a  booklet.  The  paper- 
and-pencil  task  varied  in  the  informational  load  it  presented,  and  some 
attempt  was  mad®  to  vary  the  informational  load  of  the  angle-reproducing  task. 
Results  showed  no  effect  of  the  digital  task,  and  no  effect  of  varying 
the  informational  load  in  either  task.  There  was,  however,  a  large' detri¬ 
mental  effect  on  recall  produced  by  the  motor  task,  indicating  that  the 
similarity  of  the  Interpolated  task  to  the  retained  motor  task  is  an  important 
factor.  On  this  level,  at  least,  there  is  some  relationship  to  the  verbal 
situation,  where  the  similarity  of  the  interpolated  material  to  the  material 
retained  is  an  important  variable  (e.g.,  Wickelgren,  1965). 

Pepper  and  Herman  (1970)  carried  out  a  series  of  experiments  on  the 
retention  of  a  discrete  force  response.  On  each  trial  £  either  pulled  or 
pushed  on  a  knob  attached  to  a  force  transducer,  there  being  no  perceptible 
movement  of  the  knob  during  this  process.  During  training,  S_  had  to  pull 
or  push  the  knob  until  a  line  on  an  associated  oscilloscope  moved  to  a 
predetermined  position.  On  recall,  £  attempted  to  apply  the  same  force 
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without  feedback.  In  the  first  experiment,  the  forgetting  function  was 
examined  over  retention  intervals  from  4  sec.  to  60  sec.  Analyses  of  variance 
on  both  absolute  and  algebraic  errors  indicated  no  main  effects  of  force 
magnitude,  fore*  direction,  or  retention  interval. 

In  the  lack  of  any  forgetting  over  these  unfilled  intervals,  this 
force  response  therefore  behaves  very  much  like  verbal  material,  where  there 
is  very  little  forgetting  of  a  single  "chunk"  over  similar  retention  in¬ 
tervals  (Melton I  1963).  The  fact  that  ^  had  visual  feedback  during  the 
tra.^ning  part  of  each  trial  may  have  been  a  significant  factor,  even  though 
there  was  no  visual  component  during  recall.  Posner  (1967)  found  that  an 
arm  movement  which  could  be  seen  both  during  presentation  and  recall  behaved 
very  much  like  a  verbal  item  in  that  there  was  little  or  no  decrement  over 
a  20-sec.  retention  interval.  In  Pepper  and  Herman's  second  experiment, 
where  an  interpolated  counting-backwards  task  was  compared  with  an  unfilled 
retention  interval,  there  was  a  large  detrimental  effect  of  the  counting- 
backwards  task.  This  also  agrees  with  Posner,  who  found  an  interpolated 
information-processing  task  to  be  detrimental  only  when  the  £  could  see 
his  arm. 

The  third  experiment  reported  by  Pepper  and  Herman  examined  the  effect 
of  interpolating  a  single  force  response  similar  to  the  target  response. 

There  was  no  effect  of  the  relative  direction  of  the  interpolated  force, 
i.e.,  whether  it  was  a  push  or  a  pull,  but  there  was  an  effect  of  its 
magnitude.  An  interpolated  force  of  greater  magnitude  than  the  target 
resulted  in  increased  absolute  and  algebraic  errors,  but  there  was  no 
difference  between  an  unfilled  Interval  and  one  filled  with  a  force  of 
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lesser  magnitude  than  the  target.  These  data  are  interpreted  as  demon¬ 
strating  classical  assimilation  effects,  as  are  found,  for  example,  in 
psychophysical  judgments  of  weights  and  loudness  (Woodworth  and  Schlosberg, 
1954,  p.  229).  The  fact  that  this  force  response  is  on  an  intensive 
dimension,  as  are  weight  and  loudness,  where  assimilation  phenomena  appear 
to  be  found,  may  give  some  insight  into  the  reason  why  assimilation  is 
found  with  the  force  response  btit  not  with  the  arc-drawing  response, 
which  is  on  an  extensive  dimension.  Further  work  is  needed,  however, 
as  Pepper  an<l  Herman  themselves  point  out  that  the  assimilation  phenomenon 
should  work  both  ways .  An  interpolated  force  of  lesser  magnitude  than  the 
target  should  result  in  a  recalled  force  of  lesser  magnitude  than  after  an 
unfilled  interval,  just  as  the  reverse  should  occur  for  larger  interpolated 
forces.  Their  results,  however,  show  no  effects  of  interpolated  forces  of 
lesser  magnitude. 

In  their  final  experiment,  Pepper  and  Herman  present  the  target  force 
a  number  of  times  before  the  retention  interval.  This  was  in  an  attempt 
to  replicate  the  results  of  Adams  and  Dijkstra  (1966),  who  showed  that  in 
their  motor  task,  repetition  results  in  better  recall,  just  as  it  does  with 
verbal  material.  One,  three,  or  seven  repetitions  were  given  prior  to  a 
20-sec.  retention  interval.  The  results  of  this  experiment  were  contrary 
to  previous  findings  in  that  repetition  actually  resulted  in  increased 
error,  for  both  absolute  and  algebraic  errors.  The  authors  interpret  this 
as  a  further  example  of  assimilation  effects,  where  repeating  the  response 
results  in  an  augmented  trace.  An  alternative  possibility  is  that  during 
the  repeated  presentations  ^  was  not  able  to  achieve  exactly  the  same 
force  each  time,  with  the  resulting  confusion  among  the  traces  leading  to 


17 


an  increased  error.  One  poaaibla  test  of  these  two  explanations  could  be 
achieved  by  examining  practice  effects.  It  should  be  possible  for  £  to 
learn  to  compensate  for  the  assimilation  phenomenon,  but  not  for  the  trace- 
confusion  effects.  Further  insight  could  also  be  gained  into  this  process 
by  presenting  a  series  of  reinforcement- test  (RT)  sequences  prior  to  the 
retention  interval,  ratriisr  than  just  reinforcements  alone.  The  trace- 
augmentation  explanation  would  be  supported  if  the  tests  indicated  a 
steadily- increasing  response  tendency. 

In  conclusion,  it  appears  that  Pepper  and  Herman  have  obtained  effects 
with  a  force  response  which  are  significantly  different  from  those  found 
with  some  other  motor  responses.  The  possibilities  remain  that  these 
results  have  arisen  either  from  the  visual  guidance  used  during  the  training, 
or  from  the  fact  that  the  force  responss  is  on  an  intensive  continuum, 
while  othar  motor  responses  examined  have  been  of  an  extensive  nature. 
Proactive  Effects 

In  the  short-term  retention  of  verbal  material,  proactive  effects  are 
perhaps  stronger  than  retroactive  effects,  and  have  been  subjected  to  a 
wide  range  of  experimentation.  Keppei  and  Underwood  (1962)  were  respon¬ 
sible  for  a  clear  demonstratipn  of  the  effects  of  i»cior  material.  Since 
then,  evidence  has  been  amassed  in  support  of  the  hypothesis  that  when 
similarity  effects  are  responsible  for  interference  in  STM,  it  is  only 
differences  along  an  acoustic  dimension  which  are  important  (e.g. , 

Nickelgren,  1966;  Bruce  and  Murdock,  1968).  On  the  other  hand,  there  is 
evidence  that  interference  is  also  related  to  differences  along  a  semantic 
dimension  (Nickens  and  Eckler,  1968;  Shulman,  1969),  and  Hintanan  (1967) 
has  suggested  that  an  important  dimension  is  that  of  place  of  articulation. 
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the  mice  oaturc  of  thU  orticulAfory-codlng  dlMtosion  glv«s  iapotus  to  tho 
s««rch  for  furthar  slatiiaritiot  bottfoon  vorbol  and  aotor  mmaty, 

A  prominent  fii^im  in  the  field  of  verbal  ST31  is  tiMt  retention  in> 
creases  as  the  intertrial  interval  increases*  In  the  terns  of  interffreoce 
theory*  proactive  interfnrence  is  a  decreasing  function  of  the  intertrial 
interval  (ecg.*  Peterson  and  Gentile,  ISSSt  Loess  and  Uaugh,  19S7).  Sev«ral 
authors  have  construed  the  results  of  the  Adaas  and  bijkstra  (ItSS) 
esptrintnts  as  evidence  that  there  are  no  proactive  effects  in  Motor  learning* 
Houever,  those  euthors  used  only  a  single*  rether  long  (1  nin.)  Intertrial 
interval*  in  a  deliberate  attespt  to  riniaise  any  proactive  effects,  end  they 
did  not  enelyse  reeults  as  a  function  of  the  nunber  of  prior  trials. 

A  direct  test  of  the  effect  of  intertriel  intervel  uas  carried  out 
by  Montague  and  HiUix  (ISIS).  A  linear  notor  response  ms  used*  es  in 
Adeas  and  Dijkstra  (1966).  Gech  trial  consisted  of  four  aassed  RT  pairs* 
followed  by  a  retention  interval  of  S  or  60  sec.*  followed  by  a  final  tast. 

An  intertrial  interval  of  5*  20  or  60  seo.  than  foUowsd.  Tha  two  rat»tion 
intervals  and  three  intertrial  intervals  were  both  batwten>group  variables. 
Results  shoifed  better  retention  for  the  three  groups  with  the  5>sse.  retention 
interval  then  for  those  with  the  tO-see.  intervel,  but  no  difference  resulting 
froa  intertriel  intervel.  An  eKeainetion  of  perforaenee  on  the  four  RT 
peirs,  however*  indiceted  e  strong  intsreetioo  between  RT  peir  end  inter* 
trial  interval.  Ai'ter  a  S*see.  intertrial  interval*  perfotraanee  on  the 
first  test  wes  significantly  worse  than  after  an  60' see.  intertrial  inten^il* 
but  this  difference  vanished  by  the  fourth  RT  pair.  There  were  th«!^efore 
sooe  effects  of  the  t  sap  oral  proNiaity  of  prior  responses*  but  not  the 
large  interaction  between  istertriel  intwvel  end  retention  interval  that 
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t«s  found  bf  Potorsoo  and  Gontllo  (1HS>  for  On«  p«a»o» 

for  this  wy  hovo  boon  that  tbo  four  RT  {irooentatioRs  rosuUad  in  such  ov«tr- 
Siooroii^  of  tho  roopoiuo  that  it  uas  not  ausc'^tihlo  to  intarfaronc^  ov#i* 
tho  rotontion  Intorvn^  us«d«  Anothir  rotaoo,  suifostad  by  tho  authors,  is 
that  tho  atoon  difforont  rospooso  lonttht  used,  ranging  iron  10  cm  to  3<u  cn 
in  0«ea  atopo,  my  havo  boon  highly  dtserlstnable,  and  therefore  ninis^lly 
Intorforing.  But  If  this  woro  to,  no  proactive  effects  uould  bo  etpocted, 
ovon  at  tho  firtt  of  tho  four  RT  prosontations. 

Tmo  otporiaonta  have  rocontly  attoa^tod  to  denonscrato  tho  effects  of 
prior  aovoaants  on  tho  rotof>tion  of  a  »oyoMnt.  Atcoli  and  Schaidt  (1969) 
and  Stolaach  (1969a)  both  protontod  either  0,  3  or  0  novanonts  prior  to 
a  target  aovoaont,  and  found  that  rotontion  was  worse  tho  greater  tho 
nuabor  of  prior  ■ovaaontt.  In  both  caaos,  however,  £  was  required  to 
recall  all  the  laroaentod  aoeeaents  in  the  reverse  order  of  presentation, 
but  only  the  firat-reeallod  fisvaiaont,  tho  target,  was  recorded.  This 
was  because  Ijork,  LaBtfgo  and  bogrand  (196B)  have  shown  that  if  S  is 
told  to  potentially  intorforing  aaterial,  it  interferes  loss.  In 

both  the  aotor  studios  under  diaoussion  the  authors  were  concomod  to 
aaxiaiso  intorforing  effects,  so  Ss  were  required  to  recall  tho  int«*fering 
aaterial.  However,  in  inaxktuoing  this  roquireaont,  the  aeaory  lead  for 
each  trial  was  asds  diractly  pn^^tlonsl  to  the  nuabor  of  prior  rospmsos. 
In  viow  of  tho  r*  Id  doeey  of  o  aovoaont  responsov  it  would  seoa  that  such 
rssponsss  aro  difficult  to  ronaabor.  Largo  ofiNeta  of  tho  nuabir  of 
rttponaoa  rotainod  at  s  tiao  would  thoreforo  bo  txpoctsd,  idiieh  asans  that 
tha  rasulti  of  tho  oaporlaonts  uadar  diacmaion  ware  aors  likely  to  hsvo 
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b«6n  causid  by  thtt  memory  lo«d  factor  than  th«  ipacifle  p|*ior  sftstcrial* 
Hirtharaore,  thor«  Is  no  rouon  Mhy  p«^ctlve  offsets  trauld  not  bo  onpoetod 
even  if  eho  prior  rosponsos  uoro  not  boing  rotoinod  at  tho  tine  of  tho  tost 
on  tho  target  rosponso.  All  tl»t  is  reqi»irod»  if  tho  verbal  analog  is  to 
be  follouodt  is  that  a  sorios  of  AT  prosontations  bo  nado  just  prior  to  tho 
t^get  presentation. 

StelMch  (1969b)  oxaainod  proactive  tinilarity  effects  in  tho  retention 
of  »ocor  novontnts  over  intervals  of  ^  to  SO  sec.  Each  trial  involved 
five  responses*  the  last  of  which  was  the  target  response.  As  in  the 
previous  esperinents*  all  responses  were  recalled  in  reverse  order*  but 
tterfortaance  on  the  target  response  only  was  recorded.  The  four  prior 
responses  were  all  aither  ^S^*  ^10^*  or  ^IS^  froa  tha  targat,  two  larger 
and  two  snaller  responias  baing  givan  in  randon  order.  Results  indicated 
a  significant  affact  of  prior-rasponse  sinllarity  on  both  absoluta  and 
algebraic  errors.  This  affect  was  such  that  tha  greater  the  sinilarity 
the  less  the  error*  the  reverse  of  the  usual  finding  in  the  verbal  fiald 
(e.g.*  Wickens*  Bom  and  Allan*  1963).  Tha  fact  that  there  appMred  to 
be  no  difference  between  the  ^10^  and  the  ^IS®  conditions*  but  a  larga 
difference  between  these  two  and  the  condition*  led  the  author  to 
suggest  that  £t  caay  hava  viewed  the  target  response  as  identical  to  the 

responses.  The  five  presentations  would  therefore  have  been  interpreted 
as  five  presentations  of  the  one  aoveaent.  Since  difference  in  dis- 
placeeent  corresponded  to  a  novenent  diff trance  of  only  about  .25  in.* 
with  target  aovenents  froa  2  in.  to  5  in.*  this  interpretation  is  plausibla. 
It  could  be  tasted  by  including  a  condition  in  which  there  were  no  prior 
reaponses*  and  if  oorreet*  recall  for  the  5^  condition  would  be  better  than 
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for  th*  aeKprior*r««p{msc  condition.  Thoro  Is  th«  lurcher  possittility, 

/Ifiin  suggottod  by  tbt  nuthor,  thit  wh«)  «  s«ri«s  of  ninllAr  ore 

^ivon,  £My  clnply  bnvo  olMd*  on  oil  flvo  rocolls,  for  iho  of  th« 
swrion,  «  strategy  which  would  rasult  In  «  low  «rror.  dSf^cisiilldr 

■ovMwnts  were  Involved,  order  confusion  would  dutonatiirelly  recult  in 
Isrge  errors.  Such  order*re  cent  Ion  problens  would  te  ffercly  acelioreced 
by  giving  e  aeries  of  RT  presenteclons,  rather  chtn  requiring  S  to  retain 
five  aoveMnts. 

Xii  gen^l,  it  seoM  thit  there  Is  no  deer  evidence  for  ;aroeetive 
effects  in  ■otw  STM,  Although  tduit  evidence  there  is  suggests  thit  such 
effects  stty  exist.  The  Mjor  difference  thit  hes  emerged  between  Motor 
end  verbil  STM  is  thit  the  M&tor  response  epprars  to  decey  rapidly  over 
short  intervels,  even  when  es  Much  is  3  Min.  Is  elloued  betweei^  trials. 

A  More  conclusive  test  of  this  effect  would  result  froa  en  exsMinition 
of  first-triil  retention,  thereby  ellMineting  eU  possible  proective  raterlel. 
On  the  othw  hind,  on  the  basis  of  verbil  dsM,  3  nin.  would  sees  sufficient 
to  eliainete  prior  effects. 

R^toirsil 

In  the  area  of  verbal  STM,  reheersil  plays  such  e  great  part  that  if  any 
recall  decreuent  is  to  be  observed  over  short  intervals,  active  rehearsal 
Must  be  prevented  with  soMe  kind  of  distractor,  such  as  counting  backwards. 

The  retention  curve  ahown  by  AdoMs  end  Dikjstra  (1960,  Figure  1)  for  e 
single  reinforceMtnt  of  a  Motor  response  Mirrors  very  closely  the  curve  for 
the  retention  of  a  three-consonant  trigroM  over  siMilor  intervals,  when 
rehearsal  is  prevented  (Melton,  1963).  This  suggests  that  a  oajor  difference 
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bctwMn  the  Hotor  and  verbal  reipnnsas  ia  that  thara  la  no  obvioua  way  of 
rehearsing  tha  foraar.  It  is  intaraating  to  apaculata  upon  the  possible  way 
in  which  £  could  rehaarsa  a  notor  RoeaKantt  if  pnraittad.  Of  course,  one 
najor  diffaranca  batwaan  tha  verbal  and  tha  notor  aituation  is  that  in  tha 
verbal  casa,  so  long  as  £  parcaivas  tha  atinulus  accurately,  ami  it  is 
lass  than  tha  Mnory  span,  ha  can  rahaaraa  knowing  that  ha  is  rehearsing 
tha  correct  response.  Tha  class  of  responses  which  is  accepted  as  ''corraot” 
is  certainly  relatively  wide,  but  its  MRbarship  is  never  in  doubt.  In 
th  notme*  case,  however,  £can  have  no  such  cMecainty,  sli^a  tha  response 
lies  on  a  continuua  not  divided  in  the  way  articulated  sounds  are  divided 
into  letters  and  words,  hevarthelass,  although  £  nay  not  be  able  to 
rehearse  the  exact  response,  his  pwforMnea  nay  be  iaprovad  if  ha  is 
allowed  to  rehearse  in  sons  way.  And  tha  way  in  which  ha  rehearses  nay 
suggest  the  way  in  which  the  response  is  encoded.  On  the  other  hand, 
tha  problens  issoeiated  with  rehearsal  in  the  notor  node  have  led  Atkinson 
and  Shiffrin  (1968)  to  suggest  that  '*rehearsal  in  nodes  other  than  the 
verbal  one  (is]  either  not  possible  or  of  no  value  (p.  98).** 

Conclusion 

There  are  obviously  nany  problens  involved  in  the  Interpretation  of 
the  results  of  ootor  nenory  studies,  and  in  relating  then  to  verbal  nanory. 
AlRost  all  of  these  arise  fron  the  nature  of  t^n  notor  response  and  its 
sseasurenent .  With  the  discrete  notor  response,  absolute  error  has  been 
the  favoured  aeasure,  but  algebraic  error  and  its  variance,  and 
correlational  seasures,  have  also  been  used.  Until  the  relationship  of 
these  oeasures  to  a  wide  range  of  nanipulations  is  exanined,  the  neaning 
of  each  of  then  cannot  be  evaluated. 
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An  nytr-pTmcnt  i»robl«n  with  discirete  notor  responsns  is  that  th«y 
inherently  lit  on  •  tinglt  distance  continuun,  and  at  present  the  only 
«ea«»re  of  perforaanee  has  been  the  distance  or  angle  aoved  through. 

Because  of  this  continuuHt  any  recall*  including  a  wild  guess*  will  hear 
SOM  Masuraable  relationship  to  the  target*  The  effect  of  this  is  to 
introduce  questions  about  just  how  slnilar*  in  terns  of  eoveaent  extent* 
a  response  has  to  be  before  it  is  considered  identical.  Soete  psychophysical 
data  on  noveMnt  extents  would  be  extreaely  helpful  here.  The  saae  problea 
appeared  in  the  verbal  field  in  the  guise  of  the  Skaggs-.Hobinson  hypothesis* 
a  problea  which  was  elucidated  by  the  coaponent  analyses  of  Osgood  (1949) 
and  Martin  (196S).  Som  sinilar  analysis  aay  well  be  required  in  the  sotor 
field  before  further  progress  can  be  aade  with  these  discrete  responses* 
and  before  they  can  be  related  to  tite  continuous  aovetsents  of  skill  and 
tracking  studies*  Battig  (1966)  has  suggested  an  Increai;*^  use  of  transfer 
studies  in  the  exaalnatlon  of  the  eonqionents  of  a  aotor  'ask*  and  Fox  (1966) 
has  given  som  exaaples  of  how  siailarities  between  aotor  and  verbal  tasks 
'  My  have  been  obscured  Mthodological  and  Masureaent  differences*  Further 
siailarities  My  appear  as  the  notion  of  articulatory  coding  (Hintzaan* 

1967)  in  verbal  learning  is  developed*  Although  some  direct  tests  of  the 
siailarity  between  verbal  and  aoto^  aeaory  have  been  atteapted*  there  is 
still  ^he  question  tif  whether  the  differences  that  have  appeared  are 
genuine*  or  a  result  of  aethodological  inadequacies* 
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ilXPOIlNOlT  1 

In  the  pres^enc  notor  rccention  situation,  the  only  previous  ovidencs 
for  retroAcclve  interference  is  frcm  the  experinents  of  UiUisns  ec  si.  (1969), 
which  involved  an  unspecified  nunber  of  interpolated  aoveaitnts.  However, 
since  their  Ss  were  told  to  atove  as  rapidly  as  possible,  it  is  likely 
that  they  were  able  to  execute  twre  than  just  three  or  four  aovesents  in 
the  retention  interval  of  30  sec.  In  the  present  experinent  each  Bovenent 
will  be  paced  by  the  apparatus,  and  in  soae  conditions  a  short  "preparation 
tir^*'  will  be  necessary  before  the  actual  execution  of  the  Interfering 
nsvMsent.  Sioce  these  re^irenents  Bake  it  difficult  to  present  interfering 
novenents  at  a  rate  faster  than  one  every  3  see.,  it  mss  decided  to 
carry  out  a  preliBinary  experiBsnt  in  which  the  interfering  u)ifeet  of  just 
a  few  Boveaents  would  be  exaained.  Previous  evidence  indicates  that  there 
will  be  considerable  forgetting  even  when  there  is  no  interpolated  BovsBent. 

The  use  of  a  long  retention  interval  Bay  therefore  result  in  a  ceiling 
being  reached  which  would  reduce  the  observed  effect  of  interpolated  aove- 
nents.  The  probleo  of  a  ceiling  effect  is  aggravated  by  the  fact  that 
even  though  the  response  has  been  forgotten  completely,  any  recalled 
Boveaent  will  bear  soae  neastarable  relationship  to  the  target  aoveaent. 

The  naxiatxa  possible  SBOunt  of  "forgetting"  is  therefore  autoBStically 
reduced  by  the  nature  of  the  task.  Because  of  this,  a  retention  interval 
of  9  sec.  was  used,  in  an  attoBpt  to  reduce  the  aaouat  of  forgetting 
that  would  occur  when  there  was  no  interpolated  Bcterial.  Three  Bovinents 
were  interpolated  in  this  interval. 
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S«v«r«l  other  variobloa  imto  also  MMiinod  in  this  •jq>triBent.  One 
factor  which  has  act  baan  carafully  controlled  is  the  aovsaent  of  S's  arm 
during  the  retention  interval.  In  the  HiUiaos  at  al.  (1969)  stiidy*  and 
in  fact  in  all  the  relevant  studies*  Ss  have  had  either  to  move  the  lever 
back  to  the  starting  point  theaselves*  or  else  to  renove  their  hand  from 
the  lever  while  £ooved  it  back  to  the  start.  In  ail  these  cases  the 
reproduced  ooveoent  was  over  a  path  physically  identical  to  that  used  for 
presenting  the  ooveMnt*  In  the  case  of  Posner  and  Konick  (1966a)*  where 
in  one  condition  the  reproduced  ooveoent  was  on  a  different  piece  of 
apparatus*  £  had  to  oove  his  aro  froo  the  first  lever  to  the  second  during 
the  retention  interval.  Although  this  study  found  no  effect  of  changing 
the  location  of  the  reproduction  ft*oo  a  position  physically  identical  to 
that  of  the  presentation  to  one  physically  displaced*  all  the  conditions 
required  S  to  reoove  his  aro  from  the  lever  between  presentation  and  recall. 

Xn  the  present  experioents  it  was  decided  to  try  to  have  no  additional 
ooveoents  node  by  S  during  the  retention  interval.  Xn  other  words*  after 
asking  the  initial  no^reoent*  S  was  to  leave  his  hand  on  the  lever*  without 
aoving  it*  until  either  an  interpolated  ooveoent  or  reproduction  was 
required.  This  neant  that  in  the  rest  condition  S  could  only  asks  the 
reproduction  by  noving  an  equivalent  distance  further  on  in  the  sane 
direction  as  the  initial  ooveoent*  or  else  by  oeving  the  lover  back  to 
the  starting  point.  Xf  £ rsosobers  absolute  positions  as  well  as*  or 
instead  of*  ooveoent  extents*  ooving  the  lever  back  to  the  starting  point 
would  result  in  bettw  recall.  This  was  exaoined  in  the  first  ei^eriaent. 

Xn  the  rest  condition*  these  two  possible  oethods  of  reproduction 
are  confounded  with  direction  of  ooveoent.  The  first  oust  always  be 
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carried  out  in  the  same  direction  as  the  initial  movement,  and  the  second 
in  the  opposite.  In  the  condition  where  there  is  interpolated  activity, 
however,  it  is  possible  to  remove  this  confounding.  This  was  attempted  by 
having  two  conditions  for  reproduction  in  the  same  direction  in  the 
interference  conditions.  In  one,  the  reproduction  was  over  a  path  different 
from  that  of  the  initial  movement,  and  in  the  other,  it  was  arranged  that, 
within  limits,  £  would  be  back  at  the  original  starting  point  just  prior 
to  reproduction,  so  that  the  reproduction  would  be  over  the  same  path 
and  in  the  same  direction  as  the  initial  movement.  Finally,  this  experiment 
examined  the  effect  of  direction  of  presentation,  and  also  attempted  to 
see  if  there  is  any  major  practice  effect  in  this  situation. 

Method 

Apparatus 

The  apparatus  used  was  the  same  in  all  experiments,  and  is  illustrated 
in  Figure  2.  Fitted  to  a  right-handed  student's  desk-chair  was  a  lever 
which  could  rotate  in  a  horizontal  plane  through  an  angle  of  130°.  In 
its  left-most  position,  the  lever  was  parallel  to  £'s  frontal  plane, 
i.e.,  parallel  to  the  back  of  the  chair.  For  the  purpose  of  measuring 
angles,  this  position  was  regarded  as  0°,  and  angles  were  measured  to 
the  right  of  this  point.  The  lever  itself  was  equipped  with  an  elbow 
support  and  an  adjustable  vertical  bar  which  £  gripped  with  his  hand. 

The  distance  from  the  lever's  pivot  to  the  vertical  bar  was  adjustable 
from  28  to  35  cm,  and  for  each  £  the  position  was  set  so  that  the  pivot 
was  approximately  2.5  cm  distal  from  the  tip  of  the  elbow. 

The  lever  was  fitted  with  a  bidirectional  motor,  a  clutch,  and  a 
brake.  With  the  clutch  engaged  and  the  motor  on,  the  arm  rotated  at 


54  rpm,  and  under  these  conditions  a  torque  of  15  kg-cm  (212  oz.-in.)  was 
sufficient  to  cause  the  clutch  to  slip  and  the  arm  to  stop  moving.  With 
the  clutch  disengaged,  the  torque  required  to  overcome  the  sliding  friction 
was  approximately  6.55  kg-cm  (49  oz.-in.)  and  did  not  vary  appreciably 
over  the  range  of  the  lever's  movement.  With  the  brake  applied,  the  "slop" 
in  the  lever's  position  was  less  than  +1®«  There  was  a  shield  over  the 
lever  so  that  £  was  not  able  to  see  either  the  lever  or  his  arm. 

Instructions  were  presented  to  ^  on  a  CRT  display  controlled  by  a 
PDP-1  computer.  The  £'s  eyes  were  approximately  120  cm  (48  in.)  from 
the  screen,  and  the  letters  displayed  were  11  cm  (7/16  in.)  high.  During 
the  experiment,  £  and  the  display  were  isolated  from  £  and  the  computer. 
Because  of  the  noise  made  by  the  solenoid-operated  brake,  ^  wore  close- 
fitting  headphones  with  white  noise,  the  level  of  which  was  high  enough 
to  mask  the  sound  of  the  brake,  but  not  so  loud  that  any  £,  when  asked, 
reported  it  to  be  uncomfortable. 

The  computer  was  used,  via  a  relay  buffer,  to  switch  on  the  motor 
power  and  direction,  the  clutch,  and  the  brake,  and  via  a  potentiometer 
and  an  analog- to-digital  converter,  to  monitor  the  position  of  the  lever, 

All  experimental  events  were  therefore  under  computer  control. 

Design 

A  6  X  8  X  2  factorial  design  was  used,  with  six  experimental  conditions, 
eight  target  angles,  and  two  directions  of  presentation,  making  96  trials 
per  replication.  There  were  28  £s,  each  of  whom  was  given  some  practice, 
and  then  a  single  block  of  96  trials  in  a  session  lasting  approximately 
1  hr.  20  min.  The  six  conditions,  which  included  two  rest  and  four 
interference  conditions,  were  as  follows. 
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1.  Rest;  presentation  and  recall  in  the  same  direction. 

2.  Rest;  presentation  and  recall  in  opposite  directions. 

3.  Interference;  presentation  and  recall  in  the  same  direction 
from  the  same  starting  point. 

4.  Interference;  presentation  and  recall  in  the  same  direction 
from  different  stcUPting  points. 

5,  6.  Interference;  presentation  and  recall  in  opposite  directions. 

Those  trials  from  the  first  half  of  the  experiment  were  designated 
as  belonging  to  Condition  5,  and  those  from  the  second  half  to 
Condition  6. 

These  six  conditions  were  chosen  so  that  a  set  of  five  orthogonal  planned 
comparisons,  each  with  a  meaningful  interpretation,  could  be  carried  out. 
Details  of  the  comparisons  and  their  interpretations  are  left  for  the 
results  section. 

Eight  different  angles  were  defined  as  target  angles.  They  were 
5°  ,  10°,  15°,  20°,  25°,  30°,  35°,  and  40°,  and  in  each  condition  each 
angle  occurred  once  with  each  presentation  direction. 

Except  for  the  duplication  represented  in  Conditions  5  and  6,  each 
trial  was  unique,  making  counterbalancing  within  each  impossible.  However, 
some  attempt  was  made  to  ensure  comparability  between  the  first  and  second 
halves  of  the  list  presented  to  each  £.  For  the  two  rest  conditions,  the 
angles  of  5° ,  15° ,  25° ,  and  35°  were  used  in  the  first  half  of  the  experi¬ 
ment,  and  the  others  in  the  second  half.  For  the  trials  in  Condition  3, 
presentation  was  to  the  left  in  the  first  half  for  the  odd  angles  and  to 
the  right  for  the  even  angles,  with  the  reverse  for  the  second  half. 

Condition  4  was  treated  as  Condition  3,  but  with  left  and  right  interchanged. 
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Those  interference  trials  with  presentation  and  recall  in  opposite  directions 
which  occurred  in  the  first  half  were  defined  as  belonging  to  Condition  5, 
those  from  the  second  half  to  Condition  6.  Except  for  these  restrictions • 
the  trials  occurred  in  random  order. 

Using  a  set  of  rules  to  be  described  below,  a  list  was  constructed 
which  was  presented  to  four  £s.  The  list  was  divided  into  six  equal 
"blocks,"  which  were  presented  to  the  four  £s  in  these  orders. 

1  2  3  4  5  6 

6  5  4  3  2  1 

3  2  1  6  5  4 

4  5  6  1  2  3 

For  the  first  experiment,  four  lists  were  prepared,  but  only  the  first  two 
orderings  of  the  last  list  were  used.  It  was  initially  intended  that  at 
least  16  £s  would  be  run  in  this  experiment,  but  whan  the  computer  broke 
down  after  14  £s,  the  data  was  examined.  Since  the  results  ware  clearly 
significant  for  the  main  manipulation,  the  experiment  was  terminated  at 
that  point,  even  though  the  balancing  was  incomplete. 

The  construction  of  each  trial. — For  each  trial  the  starting  point 
for  each  target  movement  was  chosen  from  within  a  90°  "working  range," 
using  only  whole  numbers  for  the  sake  of  simplicity.  The  working  range 
was  between  20°  and  110°,  so  that  there  was  an  additional  20°  of  movement 
at  either  end,  before  the  lever  struck  against  the  permanent  stops.  The 
starting  points  for  all  movements  were  chosen  randomly,  but  with  the 
restriction  that  if  each  movement  was  made  accurately  the  lever  would 
never  move  outside  the  working  range.  This  restriction  meant,  for  example. 
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that  if  tha  targat  angla  was  40^  to  tha  right  in  Condition  X,  where  pre- 
santation  and  racall  wara  in  th?  sana  direction,  the  starting  point  was 
in  fact  chosen  randomly  from  the  range  between  20^  and  30°. 

In  Conditions  3  to  6,  the  interference  conditions,  three  movements 
were  interpolated  between  presentation  and  recall,  each  movement  taking 
approximately  3  sac.  Tha  finishing  point  for  each  of  these  movements  was 
chosen  randomly  from  tha  working  range,  with  the  restriction  that  the  dis¬ 
tance  from  the  and  of  tha  previous  movement  must  be  greater  than  5°. 

This  restriction  was  imposed  for  two  reasons.  Firstly,  to  minimize  the 
possibility  that  £  might  be  asked  to  make  a  very  small  movement  which 
would  not  be  recorded,  and  secondly,  because  the  interfering  effect  of  a 
very  small  movement  might  not  be  comparable  to  that  of  larger  movements. 
There  ware  further  restrictions  on  the  finishing  position  for  the  last 
of  the  interpolated  movements,  their  position  being,  of  course,  the 
starting  position  for  recall.  In  Condition  3,  the  finishing  position 
for  the  third  interpolated  movement  was  completely  fixed,  as  it  had  to 
be  the  same  as  tha  starting  point  for  tha  target  movement.  In  this  case, 
the  finishing  position  for  the  second  interpolated  movement  had  to  be  more 
than  5°  from  this  point.  In  Condition  4,  where  presentation  and  recall 
were  in  tha  same  direction  but  from  different  starting  points,  the  finishing 
position  for  the  third  interpolated  movement  was  at  least  5°  distant  from 
the  starting  point  of  the  target  movement.  Finally,  for  all  conditions, 
the  starting  point  for  recall  was  such  that  could  not  predict  the 
direction  of  recall.  For  example,  if  the  retained  movement  was  20°,  the 
starting  position  for  recall  was  chosen  from  between  40°  and  90°. 
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Procedure 

The  program  controlling  the  ei^erlment  was  written  to  present  a  movamant 
for  retention,  any  number  of  Interpolated  "events,"  and  then  to  ask  for 
recall,  approximately  3  sec.  being  allowed  for  each  of  these. 

Each  trial.  Including  the  first,  began  with  the  display  of  the  word 
"REST"  for  8  sec.  During  this  period  the  lever  was  set  to  the  starting 
position  for  that  trial.  At  the  end  of  this  period,  the  words  "GRASP  LEVER" 
were  displayed  for  4  sec .  and  ^  was  Instructed  to  rest  his  arm  on  the 
lever  at  this  point.  The  words  "MOVE  AND  REMEMBER"  then  appeared,  with 
an  arrow  beneath  them  Indicating  to  £  the  appropriate  direction  for  him 
to  move.  On  this  signal  ^  moved  the  lever  in  the  direction  of  the  arrow, 
until  the  brake  came  on.  The  brake,  which  stopped  the  lever  much  as  If 
It  had  hit  against  a  fixed  stop,  remained  on  for  2  sec.,  afttf*  which  the 
retention  Interval  followed. 

For  the  rest  conditions,  the  screen  remained  blank  during  the  retention 
Interval,  and  £  was  Instructed  to  keep  his  arm  still  until  some  Instruction 
appeared.  For  the  Interference  conditions,  a  number  and  an  arrow  appeared 
on  the  screen  as  soon  as  the  brake  was  released.  The  number  represented 
the  distance  in  degrees  through  which  £  was  to  try  and  move  the  lever, 
while  the  arrow  Indicated  the  direction.  Both  the  distance  and  direction 
were  calculated  by  subtracting  the  position  at  which  the  lever  came  to  rest 
from  the  required  finishing  position  for  the  first  lntex*polated  movement, 
a  positive  result  Indicating  movement  to  the  right  and  a  negative  one  to 
the  left.  After  the  number  and  angle  display  had  been  on  for  1  sec.,  the 
word  "MOVE"  appeared  above  It.  The  S  was  Instructed  not  to  move  until  this 
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«ppMr«d.  One*  £  sttrtvd  ■ovlng,  tiM  Isvar's  position  was  rssd  ovary 

* 

200  assc.  Ths  and  of  ths  acuvaaset  was  daflnad  ss  having  occurred  if  tho 
layer's  position  did  not  ehinga  by  aora  than  2^  in  any  200>nsoc.  period. 

Tha  S  was  allowed  2  sac.  to  eoiq>lata  the  aovaaant,  asking  3  sec.  in  all 
for  each  Interpolated  aovaaant.  Instructions  stressed  that  each  aovaaant 
had  to  be  aade  saoothly  and  deliberately •  and  that  corrections  could  not 
be  aade  once  £  stopped  aoving. 

After  the  first  interpolated  aoveaent*  the  next  two  followed  in  the 
saae  way.  At  the  end  of  the  third,  the  word  “RECALL"  was  displayed, 
together  with  an  arrow  indicating  the  direction.  This  was  a  sign  for  S 
to  try  to  BOVS  the  lever  through  the  saae  angle  as  he  aovad  it  when  the 
“MOVE  AND  REMEMBER"  instruction  appeared*  The  end  of  this  aoveaent  was 
defined  in  the  saae  wiy  as  the  end  of  an  interpolated  aoveaent,  and  3  sec. 
were  allowed  for  $  to  finish  the  aoveaent.  At  the  end  of  this  period, 
the  word  "REST"  appeared,  which  was  a  signal  for  S  to  take  his  ara  off 
the  lever  and  rest  it  in  his  lap. 

Any  tiae  £aade  a  aistake  during  a  trial,  a  signal  appeared  for  2  sec. 
to  indicate  the  nature  of  the  aistake,  and  then  this  was  followed  by  "REST," 
and  the  next  trial  was  begtw,  This  trial  was  then  repeated  at  the  end 
of  the  arbitrary  "block"  in  which  it  occurred.  If  S  aoved  in  the  wrong 
direction  at  the  beginning  of  any  aoveaent,  "WRONG  DIRECTION"  appeared. 

"TOO  SLOW"  indicated  that  a  aoveaent  was  not  coapleted  in  the  allotted  tiae, 
while  "KEEP  STILL"  appeared  if  S  aoved  acre  than  ^1°  during  the  retention 
Interval  for  the  unfilled  conditions.  If  S  aoved  before  the  wor^.  ''’MOVE" 
appeared  during  an  interpolated  aoveaent,  "DON'T  ANTICIPATE"  was  displayed. 
Finally,  although  the  working  range  was  the  90^  segpent  be^.'sen  20°  and 
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110° ,  ^  could  move  the  lever  anywhere  betwe^^n  5^  and  125^ .  If  he  moved 
it  outside  this  larger  range,  the  words  “TOO  FAR'*  were  displayed,  aad 
that  trial  was  repeated.  This  in  fact  occurred  very  seldom  during  the 
experiment,  but  It  was  included  to  avoid  the  possibility  that  ^  might 
hit  the  lever  against  the  permanent  stops  at  0°  and  130**.  In  such  a 
case,  these  positions  would  have  been  read  as  defining  the  end  of  a  move> 
ment  which  £  may  have  intended  to  go  beyond  the  stops. 

When  £  arrived  for  the  experiment  he  was  seated  in  the  chair,  and 
the  handle  on  the  lever  was  adjusted  so  that  the  tip  of  his  elbow  was  in 
a  constant  position.  He  was  asked  to  move  the  lever  through  the  limits 
of  its  travel,  and  was  shown  how  to  rest  his  arm  in  his  lap  between  trials, 
and  how  to  find  the  lever  by  feel,  without  looking  for  it  visually.  The 
instructions,  reproduced  in  Appendix  A,  were  then  read  to  him.  They  stressed 
that  the  primary  task  was  to  reproduce  the  target  movement  as  accurately 
as  possible,  but  they  also  mentioned  the  measures  that  were  taken  on  the 
intervening  movements. 

Each  £  was  given  two  practice  periods  before  the  main  experiment . 

During  the  first  practice  period,  which  continued  until  £  completed  five 
consecutive  trills  without  error,  C  remained  In  the  experimental  room  with 
£  and  answered  any  questions  as  they  arose.  Instructions  were  then  given 
on  the  bonus  system,  which  was  3  cents  each  time  £  reproduced  the  angle 
to  within  ^2°  of  its  correct  value.  The  £  was  told  that  he  would  be  given 
feedback  on  his  performance  during  the  second  practice  period.  This  time 
E  remained  outside  the  experimental  room,  and  each  time  £made  a  successful 
recall,  £  read  the  error  as  it  was  printed  out  on  the  computer's  typewriter, 
and  relayed  it  to  the  S  over  an  intercom.  The  second  practice  period  ended 
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when  £  had  attain^  the  £2°  criterion  three  times,  or  had  completed  10  trials, 
whichever  took  longer •  He  was  then  btxiught  out  of  the  experimental  room  for 
a  few  minutes*  rest  before  beginning  the  main  part  of  t!ie  experiment.  The 
£  was  told  that  the  experiment  would  last  about  45  min.,  and  that  there  would 
be  a  short  rest  half-way  through.  He  was  then  seated,  told  to  put  on  the 
headphones,  and  the  experiment  began. 

Subjects 

The  £s  were  14  right-handed  males  who  had  volunteered  to  serve  in  paid 
experiments.  Th^  were  paid  at  the  rate  of  $16  50  hour,  plus  a  bonus  based 
on  performance.  All  were  naive  to  experiments  of  this  type. 

Results  and  Discussion 

The  dependent  variables  were  the  absolute  and  algebraic  errors,  to 
the  nearest  degree.  The  experiment  involved  a  total  of  1344  trials,  of 
which  48,  or  3.571,  were  missing.  Although  trials  on  which  £made  an 
error  were  repeated,  there  were  some  occasions  when  the  papertape  was  mis¬ 
read,  with  the  result  that  an  attempt  was  made  to  set  the  lever  at  some 
non-existent  angle,  either  below  0°,  or  above  130°.  In  such  a  case  the 
program  automatically  went  on  with  the  next  trial.  For  the  purpose  of 
an  analysis  of  variance,  the  missing  data  points  were  estimated  using  a 
procedure  similar  to  that  suggested  by  Winer  (1962,  p.  282).  For  each  £, 
the  data  were  divided  into  four  sections,  by  separating  the  four  smaller 
angles  from  the  four  larger  ones.  Each  of  these  sections  was  then  divided 
into  two  further  sections  by  sepai?ating  the  trials  with  interpolated  move¬ 
ments  from  the  others.  Data  points  missing  from  a  given  section  were 
estimated  using  the  marginal  means  from  that  section.  The  degrees  of  freedom 
for  the  residual  term  in  the  analysis  of  variance  were  reduced  accordingly. 
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Overall  Analysis 

A  four-way  analysis  of  variance  (Subjects  x  l^reataent  Conditions  x 
Direction  of  Presentation  x  Angles)  was  carried  out  on  the  absolute  errors. 

An  £  test  was  not  carried  out  on  Treataent  Conditions,  since  these  neans 
wore  to  be  subjected  to  a  set  of  planned  cooper isons.  All  the  other  oaln 
effects  were  significant.  For  the  Dlrectioii  effect,  r(l,13)  «  14.14,  £<  .01, 
and  for  the  Angles  effect,  £(7,91)  k  10.14,  .001.  The  aean  for  presen¬ 

tation  to  the  left  was  6.74<>,  and  to  the  right,  5.59*^.  The  oeens  for  the 
Trcatisent  Conditions  are  given  in  Table  1,  and  for  the  Angles  in  Table  2. 

TABLE  1 

MEAN  ABSOLUTE  AND  ALGEBRAIC  ERRORS  (IN  DEG.)  AND 
VARlAitCES  OF  THE  ALGEBRAIC  ERRORS,  FOR  THE 
SIZE  TREATHOIT  CONDITIONS:  EXPERIMENT  I. 


Absolute  Algebraic  Varl-  d.f. 
Error  Error  ance 


1.  Rest;  presentation  and  recall  in 
the  same  direction. 

5.68 

-3.18 

45.47 

221 

2.  Rest;  presentation  and  recall  in 
opposite  directions. 

5.03 

-0.95 

40.23 

216 

3.  Interference;  presentation  and  recall 
in  the  same  direction  from  the  same 
starting  point. 

6.54 

-0.48 

73.21 

211 

4.  Interference,  presentation  and  recall 
in  the  same  direction  froic  different 
starting  points. 

6.43 

-0.46 

69.38 

214 

5.  Interference;  presentation  and  recall 
in  opposite  directions  (1st  half). 

6.78 

-0.13 

84.33 

213 

6.  Interference;  presentation  and  recall 
in  opposite  directions  (2nd  half). 

6.54 

1.03 

79.52 

215 
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TABLE  2 

MEAN  ABSOLUTE  AND  ALGEBRAIC  ERRORS  (IN  DEG. ) 
FOR  THE  ANGLE  EFFECT:  EXPERIMENT  1. 


AniU 

5*  10®  15®  20®  25®  30^  35®  ^0® 

Absolute  Drror  3.93  5.10  5.12  5.25  6.08  ".6:  7.98  ^.23 

AlgsbrsiO  Em-P  2.17  2.66  1.45  0.83  >2.05  -3.27  -3.51  -3.10 

Th»  Anglo  offset  Indiestos  thst  lorgor  orrors  oro  ossocisitod  wltt- 
lorgor  onglost  whllo  tho  Dlroctilon  effect  Indieatos  thst  Bovocionts  to  the 
pifht,  or  «M*y  ft*oa  tho  body,  wore  roproducod  aero  eeeurotoly  then  tho**f!  aedo 
In  tho  opposite  direction,  •  finding  which  agrees  with  dati<  froa  Brown. 
Knauft,  and  Rosonbaua  (1948).  In  an  experiaont  using  linear  aoveaents, 
these  authors  found  greater  accuracy  of  reproduction  when  tht  aovaaent  was 
away  froa  the  body  than  when  towards  it.  This  finding  appliec  to  two  of 
three  planes  oi’  aoveaent  they  ewaained.  The  third  plane  involved  vertical 
aoveaents,  gravity  presuaably  being  the  cause  of  the  inconsistent  results 
in  this  case. 

t 

In  the  overall  analysis  of  absolute  errors,  there  were  four  significant 
interactions.  These  were  Subjects  x  Tvotmnt  Conditions*  F(65,407)  s  1.58, 
£  <  .01,  Treataent  Conditions  x  Angles,  £(35,407)  «  1.60,  £  <  .05,  Subjects  X 
Angles,  £(91,407)  >  1.92,  £  <  .01,  and  Direotioos  x  Angles,  £(7,91)  »  2.22, 

£  <  .05.  The  significant  interactions  involving  Subjects  reflect  greatet 
variability  across  both  Treataants  and  Angles  for  soae  Ss  than  fer  oth<^|;^. 
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the  other  two  interactions,  both  involving  Angles,  are  the  result  of  a 
divergence  between  the  curves  at  the  largest  two  angles. 

The  algebraic  errors  were  also  subjected  to  an  overall  analysis  of 
variance,  with  results  similar  to  those  from  the  absolute  error  analysis. 

The  Direction  effect  was  significant,  £(1,13)  =  13.52,  £<  .01,  as  was  the 
Angle  effect,  F(7,91)  =  19.63,  £  <  .001.  The  mean  for  presentation  to  the 
left  was  -1.69**,  and  to  the  right,  .50°.  Other  means  are  given  in  Tables  1 
and  2. 

A  sign  test  was  carried  out  for  each  £  on  the  sign  of  the  algebraic 
errors  for  each  trial.  Of  the  14  Ss,  four  had  significantly  more  overshoots, 
three  of  these  being  at  £  <  .01,  with  the  fourth  being  at  £  <  .05.  There 
were  five  Ss  with  no  significant  difference  between  the  number  of  overshoots 
and  undershoots,  while  the  remaining  five  Ss  all  made  significantly  more 
undershoots,  all  these  being  at  £  <  ,01. 

Hollingworth  (1909)  suggested  that  when  a  distance  is  delimited  by 
having  £  hit  against  a  fixed  stop,  there  will  always  be  a  tendency  for  £ 
to  overestimate  that  distance  on  a  subsequent  reproduction.  The  present 
results  indicate  that  this  tendency  is  very  much  dependent  on  the  ^  con¬ 
cerned.  There  is  also  the  slightly  negative  grand  algebraic  mean,  which 
suggests  that  there  is,  if  anything,  a  prevailing  undershooting  tendency 
in  this  experiment. 

The  Direction  effect  for  algebraic  error  is  such  that  movement.,  to  the 
right,  which  are  reproduced  on  the  whole  more  accurately,  are  reproduced  with 
a  slight  overshooting,  while  those  to  the  left  result  in  a  larger  undershooting. 


The  existence  of  this  Direction-of-Presentation  effect  leads  to  the 
question  of  whether  there  is  also  any  Dir  action -of -Recall  effect.  Such 
an  effect  would  not  make  any  contribution  to  the  Direction-of-Presentation 
effect,  since  each  recall  direction  occurred  equally  often  with  each 
presentation  direction.  This  information,  as  well  as  information  about 
the  interaction  of  presentation  and  recall  directions,  is  available  from 
the  means  for  the  Treatment  Conditions  x  Direction-of-Presentation  inter¬ 
action.  Planned  comparisons  were  carried  out  on  these  means  to  test  fox- 
such  effects.  For  absolute  error,  £(1,65)  <  1  for  both  recall  direction 
and  its  interaction  with  presentation  direction.  For  algebraic  error, 
the  Recall  Direction  effect  was  not  significant,  £(1,65)  s  1.22,  but 
its  interaction  with  presentation  direction  was  highly  significant, 

£(1,65)  3  9.76,  £  <  .01.  The  means  for  this  interaction  are  given  in 
Table  3.  It  is  evident  that,  within  each  presentation  direction,  the  constant 


TABLE  3 

HEAN  ALGEBRAIC  ERRORS  (IN  DEG.)  FOR  THE  PRESENTATION  DIRECTION 
X  RECALL  DIRECTION  INTERACTION:  EXPERIMENT  I. 


Recall  Direction 


Left 

Right 


Presentation  Direction 


Left 

Right 

Mean 

-2.33 

1.42 

-0.45 

-1.45 

-0.42 

-0.94 

-1.89 

.50 

-0.69 

Mean 
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error  is  least  when  recall  is  to  the  right.  This  is  in  keeping  with  the 
general  finding  that  movements  to  the  right  in  this  situation  are  more  accurate. 

The  study  of  Brown*  Knauft  and  Rosenbaum  (1948)*  which  was  mentioned 
earlier*  also  found  that  where  a  range  of  movements  is  presented*  the 
smaller  ones  will  be  overshot  on  reproduction*  while  the  larger  ones  will 
be  undershot*  a  finding  which  applied  no  matter  what  the  range  of  the 
movements.  This  generalization  is  supported  by  the  present  results*  which 
show  overshooting  for  the  four  smallest  angles  and  undershooting  for  the 
four  largest  ones.  This  could  be  a  result  of  guessing.  Even  if  £  has 
completely  forgotten  the  target  movement*  he  is  required  to  make  some 
sort  of  recall.  This  "guess"  is  likely  to  be  near  the  mean  of  the  movements 
encountered*  since  such  a  movement  will  minimize  the  error  score  on  these 
trials.  Even  a  small  number  of  such  responses  would  result  in  an  overall 
undershooting  tendency  for  those  angles  larger  than  the  mean*  and  an  over¬ 
shooting  tendency  for  those  smaller.  It  should  be  noted  that*  although 
there  is  an  overall  tendency  towards  undershooting*  this  is  not  reflected 
in  the  results  for  each  angle  taken  separately*  and  is  in  fact  small  compared 
with  the  overshooting  and  undershooting  which  appears  in  the  means  for  the 
Angle  effect.  These  results  have  some  bearing  on  the  idea  that  forgetting 
appears  as  a  "shrinking  trace*"  and  they  will  be  mentioned  further  in  this 
context. 

Treatment  Effects 

The  six  treatment  conditions  were  subjected  to  a  set  of  five  orthogonal 
planned  comparisons*  each  accounting  for  one  of  the  five  degrees  of  freedom 
associated  with  this  factor.  Table  4  gives  the  weights  and  mean  squares 
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TABLE  4 

WEIGHTS  AND  MEAN  SQUARES  FOR  THE 
FIVE  COMPARISONS:  EXPERIMENT  I. 


Treatment  Condition 

Comparison 

1 

2 

3  4 

5 

1.  Rest;  presentation  and  recall  in 
the  same  direction. 

-2 

1 

2.  Rest;  presentation  and  recall  in 
opposite  directions. 

-2 

-1 

3.  Interference;  presentation  and  recall 
in  the  same  direction  from  the  same 
starting  point. 

1 

-1 

1 

4.  Interference;  presentation  and  recall 
in  the  same  direction  from  different 
starting  points. 

1 

-1 

-1 

5.  Interference;  presentation  and  recall 
in  opposite  directions  (1st  half). 

1 

1 

1 

6.  Interference;  presentation  and  recall 
in  opposite  directions  (2nd  half) 

1 

1 

-1 

Mean  Square 

Absolute  Error 

442.8 

6.6 

46.9  1.5 

6.7 

Algebraic  Error 

1258.2 

188.5 

560.3  .1 

150.9 

associated  with  each  comparison.  The  error  term  is  the  Subject  x  Treatments 
interaction  mean  square,  with  ^  =  65.  This  was  34.97  for  absolute  error 
and  62.01  for  algebraic  error.  For  the  absolute  error,  the  only  significant 
comparison  was  the  first,  between  the  rest  conditions  on  the  one  hand,  and 
the  interference  conditions  on  the  other,  £(1,65)  =  12.66,  £  <  .001.  For 
algebraic  error,  this  comparison  was  significant,  £(1,65)  =  20.29,  £  <  .001, 


as  was  the  second  comparison,  between  the  two  rest  conditions,  £(1,65)  =  9.04, 

£  <  .01. 

The  absolute  error  results  suggest  that  there  are  no  differences 
associated  with  whether  recall  is  in  the  same  or  the  opposite  direction  as 
presentation  (Comparisons  2  and  3  in  Table  4),  nor  with  whether  same-direction 
recall  is  over  the  same  path  as  presentation  or  over  a  different  path 
(Comparison  4).  There  was  also  no  practice  effect  within  the  experimental 
session,  as  suggested  by  the  lack  of  significance  associated  with  Comparison 
5  in  Table  4. 

A  brief  explanation  of  Comparison  4  is  needed.  Since  the  interpolated 
movements  were  entirely  under  the  control  of  £,  it  was  not  possibie  to  ensure 
that  the  starting  point  for  recall  in  Condition  3  was  always  exactly  the  same 
as  the  starting  point  for  the  presentation,  nor,  for  that  matter,  that  these 
points  were,  in  Condition  4,  always  the  intended  5®  or  more  apart.  Because  of 
this,  the  data  were  examined  to  discover  the  extent  to  which  these  conditions 
were  fulfilled.  The  mean  difference  between  the  starting  points  for  pre¬ 
sentation  and  recall  was  8.6®  in  Condition  3  and  22.6®  in  Condition  4,  with 
associated  SOs  of  7.0®  and  14.4®.  Although  the  difference  between  these 
means  is  highly  significant,  the  relatively  large  difference  associated  with 
Condition  3  has  the  effect  of  weakening  the  conclusion  drawn  from  Comparison 
4.  On  the  other  hand,  in  view  of  the  already-existing  evidence  of  Woodworth 
(1899),  the  present  data  supports  the  conclusion  that  the  absolute  position 
at  which  the  movement  occurs  is  unimportant,  and  that  Ss  do  in  fact  remember 
a  movement  extent  as  an  extent,  rather  than  as  two  positions  of  the  limb 
relative  to  the  body.  One  of  Woodworth's  findings  was  that,  as  in  the 


present  experiment,  shorter  movements  are  reproduced  more  accurately  than 
longer  ones.  There  should  be  no  differences  associated  with  the  length  of 
the  movement  if  §_  is  remembering  two  positions. 

The  results  of  the  planned  comparisons  on  the  algebraic  error  were 
similar  to  those  on  the  absolute  error,  with  the  exception  that  the  comparison 
between  the  two  rest  conditions  was  significant,  indicating  a  much  larger 
undershooting  for  the  case  where  recall  was  in  the  same  direction  as  pre¬ 
sentation.  This  result  is  almost  certainly  an  artifact.  On  a  rest  trial, 
when  recall  is  in  the  same  direction  as  presentation,  the  lever  must  be 
moved  through  two  arcs  which  sum  to  an  angle  twice  the  size  of  the  presented 
angle.  This  will  on  occasion  result  in  a  final  stopping  point  which  is 
close  to,  or  at,  a  limit  of  the  "working  range."  The  knowledge  that,  if 
they  go  too  far  beyond  this  limit,  the  error  signal  "TOO  FAR"  will  be 
displayed,  may  cause  some  £s  on  some  trials  to  stop  short,  resulting  in  an 
overall  undershooting. 

Since  Bilodeau  (1966)  has  suggested  that  the  variance  of  errors  will 
Increase  as  a  result  of  forgetting,  the  variances  associated  with  each  of 
the  treatment  conditions  are  given  in  Table  1,  together  with  the  appropriate 
degrees  of  freedom.  The  degrees  of  freedom  are  less  than  the  maximum  of 
223  because  of  the  missing  data  already  mentioned.  It  is  not  appropriate 
to  carry  out  a  series  of  pairwise  tests  on  these  results,  since  the 
probability  of  a  type-I  error  would  be  raised.  However,  Cochran's  test 
(Winer,  1966,  p.  94)  was  carried  out,  giving  C  =  .215,  permitting  rejection 
at  £  <  .05  of  the  null  hypothesis  that  variances  are  equal  across  the 
set  of  six.  An  examination  of  the  variances  makes  it  clear  that  almost 
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all  of  this  inhomogeneity  is  caused  by  the  differences  between  the  rest  and 
the  interference  conditions.  It  therefore  appears  that  just  three  movements , 
interpolated  in  a  9-sec.  retention  interval*  are  sufficient  in  this  situation 
to  cause  a  significant  increase  in  forgetting*  as  measured  by  the  absolute 
error  or  the  variance  in  the  recall. 


CHAPTER  III 


EXPERIMENT  II 

There  is  evidence  in  the  verbal  learning  literature  that  there  are 
significant  differences  in  retention  resulting  from  differences  in  the 
position  of  Interpolated  material  within  the  retention  interval.  Corman 
and  Wickens  (1968)  presented  consonant  trigrams  for  retention,  with  another 
pair  of  consonants  interpolated  in  the  10-sec.  retention  interval.  Results 
indicated  a  non-significant  tendency  for  there  to  be  more  forgetting  when 
the  interfering  material  came  early  in  the  retention  interval  than  when 
it  came  late.  Further  evidence  comes  from  Ligon  (1968),  who  has  shown 
that  in  the  retention  of  alphanumeric  material  over  intervals  of  up  to 
4  sec.,  retention  is  adversely  affected  when  similar  items  are  adjacent 
to  the  recalled  item.  Although  evidence  has  already  been  given  which 
suggests  that  interpolated  digital  tasks  do  not  affect  the  retention  of 
motor  movements,  Reid  (1967)  found  that  if  rehearsal  of  consonant  material 
is  prevented  with  an  interpolated  digital  task,  recall  is  much  worse  if 
rehearsal  is  prevented  early  in  the  retention  interval  rather  than  late. 

The  evidence  in  connection  with  verbal  material  therefore  suggests 
that  when  either  similar  material,  or  material  designed  to  prevent  re¬ 
hearsal,  is  interpolated  in  the  retention  interval,  recall  is  worse  if 
the  material  is  interpolated  early. 

In  the  present  series  of  experiments,  one  was  planned  in  which 
different  types  of  material  were  to  be  interpolated  at  different  points 
in  the  retention  interval.  Given  the  differences  that  have  already 
appeared  between  verbal  and  motor  tasks,  it  was  important  to  determine 
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whether  the  point  of  interpolation  is  a  significant  variable  in  the  present 
situation.  The  second  experiment  examined  this  question  by  presenting 
two  different  amounts  of  material  at  three  different  points  in  the  retention 
interval.  The  overall  effect  of  amount  of  material  was  further  examined 
by  including  conditions  with  completely  filled  and  with  completely  unfilled 
retention  intervals. 

Method 

Design 

The  apparatus  was  the  same  as  in  the  first  experiment.  In  order  to 
reduce  the  number  of  trials  per  replication,  the  number  of  angles  presented 
was  reduced  to  six,  ranging  from  15°  to  40°  in  5°  steps.  The  retention 
interval  was  increased  to  12  sec,,  thereby  permitting  up  to  four  inter¬ 
polated  movements. 

In  Experiment  I  the  effects  of  angles  and  of  direction  of  presentation 
were  significant,  but,  although  the  main  effect  of  angles  was  of  some 
theoretical  interest,  none  of  the  interactions  of  these  two  factors  were 
of  interest.  In  Experiment  II,  the  interactions  of  angles  with  directions 
of  presentation  and  recall  were  therefore  confounded  with  the  Subjects 
effect.  Within  each  each  angle  was  paired,  in  a  balanced  incomplete- 
block  design,  with  only  one  of  the  four  possible  combinations  of  the  two 
directions  of  presentation  and  the  two  directions  of  recall.  Across  every 
four  lists,  however,  all  possible  combinations  occurred  equally  often. 

The  retention  interval  in  this  experiment  was  12  sec.,  permitting 
four  interpolated  movements,  one  in  each  of  the  four  3-sec.  intervals 
into  which  the  retention  interval  was  conceptually  divided.  There  were 
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eight  different  treatment  conditions,  in  eacii  of  v/hich  the  retention  in¬ 
terval  was  filled  differently.  In  Condition  1,  the  retention  interval  was 
unfilled.  In  Conditions  2,  3  and  4,  it  was  filled  with  just  one  inter¬ 
polated  movement.  In  Condition  2,  this  movement  occurred  in  the  first 
position,  i.e.,  in  the  first  of  the  four  3-sec.  intervals.  In  Condition  3, 
it  occurred  equally  often  in  the  two  middle  positions,  and  in  Condition  4 
it  occurred  in  the  last  position.  There  were  then  three  conditions  in  which 
the  retention  interval  was  filled  with  two  interpolated  movements.  These 
were  Conditions  5,  6  and  7,  in  which  the  two  movements  occurred  in  the 
first  two,  the  middle  two,  or  the  last  two  positions.  Finally,  in 
Condition  8,  the  retention  interval  was  completely  filled  with  four  inter¬ 
polated  movements.  The  various  ways  in  which  the  retention  interval  was 
filled  are  shown  schematically  in  Table  5. 

Each  £  was  presented  with  96  trials,  comprising  6  angles  x  8  treatment 
conditions  x  2  replications.  The  trials  were  presented  in  random  order, 
with  the  exception  that  one  replication  was  completed  before  the  second 
was  begun.  Any  difference  between  the  replications,  therefore,  constituted 
a  practice  effect.  Within  a  replication,  there  were  as  many  Condition-3 
trials  in  which  the  interpolated  movement  occurred  in  the  second  position 
as  in  the  third,  and  if  a  Condition-3  trial  had  its  interpolated  movement 
in  the  second  position  in  the  first  replication,  it  was  moved  to  the  third 
position  in  the  second,  and  vice  versa.  Each  list  was  presented  to  four 
^s  using  the  same  orderings  as  in  Experiment  I. 

In  making  up  each  list,  the  rules  by  which  the  finishing  points  for 
each  movement  were  chosen  were  the  same  as  in  Experiment  I,  with  the 
exception  that,  in  those  trials  where  there  were  interpolated  movements. 


TABLE  5 


LOCATION  OF  THE  INTERPOLATED  HOVEHENTS  WITHIN  THE  RETENTION  INTERVAL 
FOR  EACH  OF  THE  TREATMENT  CONDITIONS,  WITH  THE  ASSOCIATED 
ALGEBRAIC -ERROR  VARIANCE  FOR  EACH  CONDITION:  EXPERIMENT  II. 


Condition 

3- 

1st 

■sec. 

2nd 

interval 

3rd 

4th 

Variance 

d.f. 

1 

a 

a 

a 

a 

58.98 

321 

2 

X 

a 

a 

a 

61.64 

328 

3 

• 

X- 

- X 

a 

61.12 

320 

4 

e 

a 

a 

X 

75.60 

330 

5 

X 

X 

a 

a 

57.16 

329 

6 

a 

X 

X 

a 

65.01 

326 

7 

a 

a 

X 

X 

84.68 

327 

e 

X 

X 

X 

X 

80.04 

324 

no  attempt  was  made  to  manipulate  the  starting  position  for  recall  relative 
to  the  starting  position  for  presentation. 

There  were  again  two  practice  periods,  which  were  continued  to  the 
same  criteria  that  applied  in  Experiment  I. 

Procedure 

The  practice  sessions  and  the  experimental  session  were  administered 
in  the  same  way,  and  with  the  same  instructions,  as  in  Experiment  I. 

Within  each  trial,  whenever  the  retention  interval  or  any  part  of  it  was 
unfilled,  the  screen  remained  blank,  and  £  had  to  keep  the  lever  still. 

If  he  moved,  "KEEP  STILL"  appeared,  as  before.  Again,  aborted  trials  were 
repeated  at  the  end  of  a  block. 
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Subjects 

There  were  28  right-handed  male  Ss,  drawn  froa  the  oazu  sourc<^  as  In 
Experiment  I,  and  all  naive  to  experiments  of  this  type.  The  base  pay  and 
bonus  were  the  same  as  in  Experiment  I. 

Results  and  Discussion 

The  experiment  involved  a  total  of  2686  trials^  of  which  75,  or  2.8%, 
were  missing  as  a  result  of  apparatus  failures  of  the  same  nature  as 
mentioned  in  Experiment  I.  Since  there  was  no  case  where  a  trial  was 
missing  from  both  the  first  and  the  second  replicatio!i,  each  missing  trial 
was  simply  replaced  with  the  corresponding  value  from  the  other  replication, 
and  the  degrees  of  freedom  were  reduced  where  appropriate. 

Overall  Analysis 

A  four-way  analysis  of  variance  was  again  carried  out  on  the  absolute 
and  algebraic  errors,  the  factors  being  Subjects,  Practice,  Treatment  Conditions 
and  Angles.  The  Treatment  Conditions  will  be  discussed  below.  The  Practice 
effect  was  not  significant  in  either  analysis,  F_(l,27)  <  l  in  each  case, 
but  the  other  main  effect  for  both  analyses  was  significant  at  <  .001. 

For  the  absolute  error,  F(5,135)  =  7.30  for  the  Angle  effect,  while  the 
corresponding  value  was  25.10  for  the  algebraic  error. 

The  Angle  effect  was  of  the  same  nature  as  in  Experiment  I.  In  order 
to  illustrate  the  magnitude  of  the  over  and  undershooting  associated  with 
th'’  small  and  large  angles,  respectively.  Table  6  shows  the  algebraic  means 
for  the  six  angles,  together  with  the  absolute  means. 


TABLE  6 


NCAd  ABSOLUTE  AND  AI/XBRAIC  ERRORS  (IN  DEG.) 
FOR  THE  AtIGLE  EFFECT:  EXPERIHCNT  II. 


Apgl« 


15® 

20® 

25® 

3'fl® 

35® 

40® 

Absolute  Error 

5.15 

6.08 

5.64 

6.04 

7.43 

7.98 

Algebraic  Error 

2.35 

2.43 

.39 

-0.81 

-2.47 

-3.78 

The  number  of  overshoots  and  undershoots  made  by  each  £  Here  enamined 
with  the  sign  test.  Eleven  £s  undershot  significantly  more  often  and  10 
overshot  significantly  more  often.  The  confounding  of  the  interaction  of 
angles  and  of  directions  of  presentation  and  recall  with  the  Subjects  effect 
makes  the  interpretation  of  these  figures  difficult.  However »  the  sig¬ 
nificance  of  the  overshooting  and  undershooting  effects  was  in  all  but  two 
cases  at  the  1%  level  or  better.  Combined  with  the  evidence  from  Experiment  1» 
this  leaves  little  doubt  that  there  are  important  individual  differences 
with  respect  to  over  and  undershooting  tendencies. 

For  absolute  error,  there  were  significant  interactions  of  Subjects 
with  Treatments,  £(189,870)  =  1.39,  and  Subjects  with  Angles,  £(135,870)  «  3.67, 
both  at  £  <  .01.  As  in  Experiment  I,  these  reflect  greater  variability 
across  Treatments  and  Angles  for  some  £s  than  for  others.  For  the  algebraic 
error,  there  were  four  significant  interactions,  all  at  £  <  .01  cr  better. 

The  interactions  of  Subjects  with  Treatments,  £(189,870)  >  1.39,  and 
Subjects  with  Angles,  £(135,870)  -  3.67,  reflect  greater  variability  for 
some  Ss  than  others,  as  was  the  case  for  the  absolute  error.  There  was  also 
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a  •igniflcant  interaction  of  Subjects  with  Practice,  £(27,870)  =  2.09, 
resulting  froa  a  rise  in  algebraic  error  for  sone  Ss  and  a  fall  for  others. 
There  appeared  to  be  no  relationship  between  an  £'s  overshooting  or  under¬ 
shooting  tendency  and  whether  his  algeoraic  error  rose  or  fell  with  practice. 
Ot  the  11  undershooting  £s,  7  showed  a  tendency  for  their  algebraic  error 
to  fall  with  practice,  wh.^.le  S  of  the  10  overshooters  showed  such  a  tendency. 
Finally,  there  was  a  significant  Treatment  x  Angles  interaction,  £(35,870)  = 
1.82,  again  a  result  of  a  divergence  between  the  Treatment  curves  at  the 
largest  two  angles. 

In  general,  the  large  differences  between  £s,  and  the  multiplicity 
of  interactions,  casts  doubt  on  the  reliability  of  algebraic  error  as  a 
measure  of  forgetting  in  this  situation.  It  is  included  in  these  and 
subsequent  analyses  because  much  has  been  made  of  algebraic  effects  in  the 
literature. 

Treatment  Effects 

The  overall  effect  of  amount  of  interpolated  activity  on  the  absolute 
error  is  shown  in  Figure  3.  This  is  averaged  across  Conditions  2,  3  and  4 
to  give  the  mean  effect  f«r  one  interpolated  movement,  and  across 
Conditions  5,  6  and  7  for  two  movements.  The  significance  of  the  effect 
of  number  of  interpolated  movements  was  tested  with  a  planned  comparison 
in  which  weights  of  -3,  -1,  -1,  -1,  1,  1,  1,  and  3  were  used  for  the  eight 
treatment  means  in  order.  The  result  was  significant  at  the  5%  level, 
£(1,189)  -  6.54.  This  confirms  previous  results,  and  goes  further  in 
showing  a  relatively  linear  increase  in  absolute  error  with  an  increase 
in  the  number  of  interpolated  items. 
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!'Jg.  3.  Absoiuty  ds  a  function  of  anoune  of  Intorpolattd  Mtorlal. 

The  ressults  of  Uxporlnent  1  are  shown  for  coepsrison. 

The  re»uUti  of  Lxporlnont  1,  excluding  the  results  for  angles  of  and 
Kf*,  ii*e  «ilua  Imilccii^  In  Figure  3,  for  comparison.  Because  of  the  shorter 
r«‘tenMon  interval  In  experiment  I,  the  errorn  should  have  been  less  than 
In  Cxperlnenr  11.  The  larger  error  evident  in  the  Cxperlment-1  results 
could  be  attributed  to  differences  in  the  Ss  involved*  or  to  error.  The 
fact  that  the  slope  rf  the  line  Joining  the  two  Cxperiment-t  points  is 
very  similar  to  the  bust-fitting  line  through  the  C}q>eriaent-ll  points* 
however*  indicates  tli<it  the  effects  within  Sp  are  consistent. 

The  effect  of  varying  the  position  of  interpolation  within  the  retention 
interval  Is  shown  in  Figure  u.  In  order  to  test  this  effect*  separate 


EARLY  MIDDLE  LATE 
POSITION  WITHIN  RETENTION 
INTERVAL 


•n.ly.M  of  vtrUnce  wro  curled  out  for  one  end  for  no  Interpoleted 
■■yoMiits.  For  clH>  otaolute  error  there  uee  a  significant  effect  of  the 
ponltlon  of  the  no  Interpolated  «venents,  r(2,5n)  e  5.51,  £  <  .01.  hut 
not  for  one  «.v™ent.  r(2.54)  .  1.32.  These  effects  are  shown  In  Figure  U. 

The  sin.  Of  a  sta»iard  error,  shown  on  the  graph.  Indicates  that  no  Inportance 


should  b«  Attachod  to  tho  crossovtr  in  of foots  botwoon  the  early  end 
middle  positions.  No  intorootiono  resohed  signifioonoe  in  either  of  these 
enalyses. 

Results  for  elgebreio  error  indioeted  e  nerginil  effect  of  amount 
of  Interpolated  material,  P(1,1I9)  ■  3.31,  .05  <  ^  <  .10.  Separate 
analyses  for  one  and  for  two  interpolated  movements  indicated  that  the 
effect  of  position  on  algebraic  eiror  was  significant  for  one  movement, 
r(2,54)  ’t  7.4U,  £  <  .01,  but  not  for  two,  P(2,S4)  <  1.  However,  the 
Interaction  of  Subjects  and  Position  was  also  significant  for  one  item, 
£(54,253)  >  1.51,  £<  .05.  An  attempt  was  made  to  discover  whether  the 
effect  for  each  S  was  related  to  his  overshooting  tendency,  but  the  rank- 
order  correlation  between  these  two  measures  was  .07,  indicating  no 
relationship. 

•The  variance  of  the  algebraic  errors  was  also  examined.  Table  5 
shows  the  variances  for  the  6  treatment  conditions,  with  the  associated 
degrees  of  ftceedom.  Por  the  8  variances  involving  one  interpolated  item 
(Conditions  2,  3  and  4),  C  ■  .36,  and  for  two  items  (Conditions  5,  6  and  7) 
C  8  .41.  Both  of  these  are  significant  at  £  <  .05.  An  examination  of  the 
individual  variances  indicates  that,  with  the  exception  of  Conditions  2 
and  3,  which  are  almost  identical,  there  is  an  increase  in  the  variance  of 
the  recall  as  the  interpolated  mat«:>ial  moves  towards  the  end  of  the 
retention  interval. 

The  absolute  error  data  from  this  experiment,  as  well  as  the  variance 
data,  suggest  that  two  interpolated  movements  occurring  in  the  first  half 
of  the  retention  interval  have  no  effect  on  recall,  while  two  movements 
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in  tht  second  half  hsvs  as  much  sffeet  as  four  movements  filling  the  entire 
retention  interval. 

in  the  verbal  literature ,  considerable  importance  is  placed  on  the 
similarity  between  the  retained  and  interpolated  items,  as  there  is  much 
evidence  that  retention  decreases  as  the  similarity  between  the  retained 
and  interpolated  matwial  increases.  In  the  present  experiment,  these 
similarity  effects  could  be  manifested  in  one  of  two  ways,  first,  it 
might  be  expected  that,  up  to  a  point,  the  greater  the  similarity  between 
the  interpolated  and  the  target  movement,  the  poorer  would  be  recall. 

And  second,  there  might  be  some  relation  between  the  angles  recalled  and 
the  interfering  items,  which  would  be  analogous  to  finding  intrusions  in 
the  verbal  situation. 

These  two  possibilities  were  examined  for  the  Condition-?  trials, 
whore  two  interpolated  movements  appeared  at  the  end  of  the  retention  in¬ 
terval.  The  first  possibility  was  examined  by  calculating  the  regression 
of  the  absolute  error  on  the  absolute  difference  between  the  angle  presented 
and  each  of  the  two  Interpolated  angles.  For  the  multiple  regression, 
£(2,318)  8  1.39,  which  is  not  significant.  The  associated  multiple 
correlation  coefficient  was  .09.  The  second  possibility  was  examined  by 
calculating  the  regression  of  the  angle  recalled  on  the  two  interpolated 
angles.  Again,  the  result  was  not  significant,  £(2,318)  ~  .97,  with  a 
multiple  correlation  coefficient  of  .08.  Finally,  the  regression  of 
absolute  error  on  the  sizes  of  the  two  interpolated  angles  was  calculated, 
with  the  aim  of  examining  the  hypothesis  that  larger  interpolated  angles 
might  produce  larger  errors,  without  regard  to  the  sign  of  the  error. 
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The  regression  was  not  signlficantt  £(2(318)  ■  .85,  with  a  multiple 
correlation  of  .07. 

All  these  reaults  indicate  that  there  are  no  aimple  similarity  relation¬ 
ships  to  be  found  in  these  data.  This  suggests  that,  either  similarity 
effects  do  not  affect  retention  in  this  situation,  or  ns  are  not  looking 
along  the  correct  dimensions,  if  the  sise  of  the  interpolated  angle  is  not 
a  relevant  dimension,  what  others  might  be  examined?  One  that  readily 
comes  to  mind  is  the  nature  of  the  interpolated  movement  itself.  It  is 
known  that  an  active  movement  similar  to  that  being  retained  will  cause 
an  increase  in  forgetting.  At  the  other  extreme,  neither  the  writing,  nor 
the  mental  activity  involved  in  an  interpolated  paper-and-penoil  task  has 
any  effect.  The  next  experiment  examined  this  dimension,  by  interpolating 
movements  which  involved  various  components  of  the  active  movement  which 
has  been  used  thus  far. 


CHAPTER  ZV 


CXPCRZMCNT  III 

Zn  this  SNpsriMntt  ths  sin  was  to  •xanins  ths  affect  of  a  range  of 
different  interpolated  movenents,  each  embi/dytng  a  different  sot  of  the 
coi^nentn  which  might  be  seen  as  con^rising  the  retained  movement,  in 
the  verbal  situationt  those  dimensions  of  similarity  which  iiave  been  examined 
have  been  the  acoustic  or  articulatory  dimension,  the  semantic  or  linguistic 
dimension,  and  the  dimension  of  formal  similat«ity  (e.g.,  consonants  vs. 
vowels),  as  wen  as  some  others.  The  tacit  assumption  underlying  such 
studies  is  that  when  verbal  material  is  being  remembered,  only  certain 
discriminating  features  of  the  item  are  selected  and  remembered.  Since 
those  features  must  be  sufficient  to  reconstruct,  or  at  least  to  meiiiate 
successful  recognition,  of  the  item  retained,  they  will  be  chosen  from 
dimensions  along  which  verbal  material  varies,  such  as  those  mentioned  above. 

When  £s  try  to  remember  a  number  of  items  which  have  similar  values  on 
the  selected  dimensions,  it  is  found  that  there  is  more  forgetting  than 
when  those  values  differ  widely.  A  number  of  different  mechanisms  for 
this  forgetting  have  been  proposed;  but  they  need  nut  concern  us  here. 

The  point  is  that  if  a  dimension  can  be  found  such  thct  variation  of  the 
similarity  of  the  retained  and  interpolated  items  along  it  affects 
retention,  then  that  dimension  has  been  used  by  S  to  remember  the  items. 
Information  has  then  been  obtained,  albeit  somewhat  indirectly,  about 
the  way  in  which  the  items  are  encoded. 

The  first  step  in  applying  this  strategy  to  the  present  motor  situation 
is  to  isolate  some  relevant  dimensions.  It  is  difficult  to  find  dimensions 
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on  which  many  different  values  can  be  readily  obtained «  but  there  are  a 
number  which  can  be  represented  diohotomously.  If  the  retained  movement  is 
envisioned  as  involving  a  number  of  discrete  components,  then  it  is  possible 
to  present  interpolated  items  that  involve  only  some  of  these  components. 

The  word  "item"  is  used  rather  than  "movement,"  as  some  of  these  items  might 
only  involve  the  decision-making  or  central  components  of  the  act  of  making 
a  movement. 

For  the  present  sKperiment,  the  following  four  components  were  chosen 
as  being  both  tractable  and  theoretically  interesting.  The  first  is  the 
preparation  or  planning  of  the  movement.  Welford  (1968,  p.  140)  suggests 
t!iat  brief  movements  such  as  the  present  discrete  motor  movement  are 
"ballistic,"  in  that  they  are  initiated  and  carried  out  as  a  single  unit, 
with  S  monitoring  feedback  only  from  the  beginning  and  end  of  the  movement. 
This  is  quite  plausible  when  applied  to  the  initial  target  movement,  where 
£  moves  until  he  is  brought  to  a  sudden  stop  the  apparatus.  It  might 
not  be  so  plausible  in  the  case  of  a  movement  such  as  one  used  by 
Hollingworth  (1909),  where  a  bell  raug  at  some  point  in  the  movement, 
signalling  to  S  that  he  should  stop  as  rapidly  as  possible. 

This  preparation  component  was  manipulated  by  interpolating  some  items 
in  which  ^  was  given  the  angle  and  direction  to  move  through,  but  then  told 
"DON'T  MOVE"  instead  of  "MOVE."  This  will  be  referred  to  as  a  Movement 
Preparation  item.  In  the  previous  experiments,  the  angle  and  direction 
were  displayed  for  1  sec.  prior  to  the  "MOVE"  signal.  The  same  applied  in 
this  case,  and  it  was  again  stressed  that  ^  should  move  as  quickly  as 
possible  if  "MOVE"  appeared.  It  is  therefore  assumed  that  when  "DON'T  MOVE" 


appears (  £  has  used  the  prior  l>sec.  period  to  prepare  the  movement,  but 
the  movement  is  not  actually  executed.  If  the  interpolation  of  an  item  such 
as  this  results  in  considerable  recall  decrement ,  it  means  ttiat  £  tias  used 
as  one  encoding  dimensiont  perhaps  an  image  of  the  distance  to  be  moved 
throught  or  perhaps  some  transformation  of  the  energy  used  to  move  that 
distance (  or  even  an  estimate  of  the  time  required  to  complete  the  movement. 

The  second  component  examined  was  the  actual  initiation  of  the  movement « 
including  whatever  feedback  might  result  from  such  initiation.  The  item 
which  involved  this  componenti  the  Movement  Initiation  item,  also  involved 
the  first  component  mentioned  above.  In  other  words,  was  asked  to 
prepare  and  initiate  the  movement,  but  once  lie  had  moved  2^  from  the 
starting  point,  the  apparatus  took  over  and  finished  moving  his  arm  through 
the  displayed  angle.  If  such  an  Interpolated  item  had  significantly  more 
of  a  detrimental  effect  on  recall  than  the  first  item  to  be  mentioned, 
it  would  indicate  that  some  aspect  of  the  movement  itself,  specifically, 
the  motor  outflow,  the  feedback  and  whatever  else  may  be  involved  in  the 
initiation,  is  an  important  encoding  dimension.  The  angle  retained  could 
be  partly  encoded,  for  example,  in  terms  of  the  speed  or  amount  of  force 
involved  in  the  initiation  of  the  movement,  but  simply  thinking  about  or 
otherwise  preparing  this  initiation  might  not  be  sufficient.  It  may  be 
that  the  additional  components  involved  in  the  execution  of  this  aspect 
must  be  performed  before  the  interpolated  item  can  in  ai^  way  affect  the 
trace  of  the  retained  item,  or  affect  its  recall. 

In  performing  both  of  these  interpolated  items,  £  is  exposed  fw  at 
least  1  see.  to  a  display  which  indicates  in  degrees  the  extent  of  the 
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movemont.  If  both  of  tlieso  two  itemn  are  just  as  detrimental  to  recall  as 
the  complete  movement  used  in  the  previous  experiments,  the  display  of 
this  number  may  be  responsible.  The  £  may  transform  the  number  into  his 
own  measure  of  the  extent  of  the  movement,  and  this  in  itself  may  be 
sufficient  to  affect  the  retention  of  the  original  item.  Less  likely 
is  the  possibility  that  the  origiMl  movement  was  transformed  into  a 
number,  and  that  this  interpolated  number  has  the  same  effect  as  an  inter¬ 
polated  number  would  have  on  the  retention  of  a  number  in  a  verbal-learning 
experiment.  This  is  not  likely  because  a  single  number  is  retained  very 
well  over  the  time  intervals  involved  in,  say,  Adams  and  Dijkstra's  (1966) 
experiment,  yet  they  found  rapid  fwgetting  of  the  movement  over  these 
intervals.  Furthermore,  the  position  effects  found  in  the  j^avious 
experiment  would  not  be  expected  if  verbal  mediation  were  an  important 
aspect  of  retention. 

Whatever  the  mechanism  of  its  operation,  the  possibility  that  such 
an  effect  may  be  important  was  checked  by  including  an  item  identical  to 
the  second,  except  for  the  absence  of  the  number  indicating  the  movement 
extent.  This  will  be  referred  to  as  Movement  Initiation  Without  Display. 

For  this  item,  £  was  required  to  initiate  the  movement,  but  he  had  no  idea 
how  far  the  machine  would  move  his  arm  once  the  machine  took  over. 

The  final  component  which  was  examined  involved  all  those  aspects  of 
the  movement  which  are  not  concerned  in  the  initiation  and  execution  by 
This  component  will  be  termed  the  feedback  ccuvonent,  since  it  involved 
some  of  the  feedback  associated  with  an  active  movement,  but  it  would  be 
best  to  define  it  operationally,  in  terms  of  the  item  used  to  measure 
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it,  the  Passive  Movement  item.  The  ^  saw  the  angle  and  direction  display, 
but  at  the  end  of  the  1-seo.  period  the  word  "RELAX"  appeared  on  the  screen, 
and  the  apparatus  moved  S's  arm  through  the  displayed  angle.  The  S  was 
therefore  subjected  to  much  of  the  feedback  involved  in  making  the  complete 
movement.  Xf  an  important  aspect  of  the  original  movement  which  is  retained 
is  the  feedback  pattern  it  generates,  then  this  item  would  be  expected  to 
have  a  significantly  detrimental  effect  cn  recall. 

Method 

Design 

In  order  to  measure  the  effect  of  these  items,  a  12-sec.  retention 
interval  was  completely  filled  with  four  examples  of  each  item.  The’ 
previous  experiment  indicated  that  two  items  at  the  end  of  the  retention 
interval  had  almost  as  much  effect  as  four  items.  Nevertheless,  four  items 
were  used  in  this  experiment  rather  than  just  two  in  order  to  obtain 
whatever  small  additional  effect  might  result  from  the  two  early  items. 

The  use  of  four  Movement  Preparation  items  in  a  single  retention  in¬ 
terval  posed  the  problem  that  ence  £was  exposed  to  the  first  of  these, 
he  would  know  that  the  remaining  three  would  all  be  the  same,  and  there 
would  be  no  need  for  him  to  make  the  "preparation"  that  is  assumed.  It 
was  therefore  necessary  to  include  a  control  condition,  involving  some 
examples  of  this  item  as  well  as  sosm  items  in  which  £  did  actually  have 
to  complete  the  movement,  exactly  as  in  the  previous  two  experiments. 

Such  a  complete  movement  will  be  referred  to  as  an  Active  Movement  item. 
Finally,  two  conditions  were  included  for  the  sake  of  comparison.  One 
involved  a  completely  unfilled  retention  interval,  and  the  other  involved 


a  retention  interval  filled  with  four  Active  Hovement  itema.  Because  of 
differences  between  Ss*  the  values  obtained  for  these  conditions  in 
Experiment  II  Could  not  be  used  in  evaluating  the  results  of  this  experinMnt. 
There  were  therefore  seven  basic  conditions  in  which  the  retention  intervals 
were  filled  as  follows. 

1.  Four  Movement  Preparation  items*  in  which  £  was  prepared  to  move* 
but  was  told  "DON'T  MOVE"  at  the  last  moment. 

2.  Four  Movement  Initiation  items*  in  which  £  initiated  the  movement* 
but  once  he  had  moved  2°  the  apparatus  took  over  and  ces^leted  the  movement 
as  displayed. 

3.  Four  Movement  Initiation  Without  Display  items*  each  identical  to 
a  Movement  Initiation  item*  but  with  no  angle  displayed. 

4.  Four  Passive  Movement  items*  in  which  £was  told  to  "RELAX" 
while  the  apparatus  drove  his  arm  through  the  entire  movement. 

5.  Four  Active  Movement  items*  exactly  as  in  Condition  6  of 
Experiment  II. 

6.  A  completely  unfilled  retention  interval*  exactly  as  in 
Condition  1  of  Experiment  II. 

7.  This  was  a  control  condition*  in  which  Active  Hovement  and 
Movement  Preparation  items  were  mixed. 

The  aim  in  constructing  these  Condition-7  trials  was  to  make  £  as 
unsure  as  possible*  particularly  on  the  last  two  items  of  the  retention  in¬ 
terval*  whether  each  item  would  be  an  Active  Movement  or  a  Movement 
Preparation  item.  Since  it  would  take  too  many  control  trials  to  ensure 
that  all  the  transitional  probabilities  were  equal,  it  was  decided  to 
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concentrate  on  the  last  two  items  of  the  retention  interval,  sinco,  from 
Experiment  II,  these  were  where  the  greatest  effect  would  be  produced. 

The  control  trials  were  therefore  divided  into  three  types.  In  the  first 
type,  the  first  item  was  a  Movement  Preparation  item  and  the  last  three  were 
Active  Movement  items.  This  sequence  can  be  represented  as  PMMM.  In  the 
second,  the  sequence  was  PPMM,  and  in  the  fourth,  PPPM.  On  the  very  first 
item  of  each  retention  interval,  if  £  saw  a  number  and  an  arrow,  he  could 
not  tell  whether  that  item  would  be  Movement  Preparation  or  Active  or  Passive 
Movement.  The  item  was  only  identified  once  the  words  "DOIl'T  MOVE,"  "RELAX," 
or  "MOVE"  appeared.  If  the  first  item  was  Movement  Preparation,  the 
probability  that  the  next  would  also  be  Movement  Preparation  was  .63. 

If  the  first  two  were  Movement  Preparation,  the  third  was  of  the  same  type 
with  a  probability  of  .80,  and  if  the  first  three  were  Movement  Preparation, 
the  probability  of  the  last  one's  being  so  was  .75.  The  maximum  uncertainty 
was  therefore  associated  with  the  last  position. 

All  the  manipulations  were  again  within  Ss.  Each  £  received  84  trials, 
made  up  of  6  angles  x  7  conditions  x  2  replications.  The  angles  were  the 
same  as  in  Experiment  II,  and  again,  within  each  S,  presentation  and  recall 
for  any  given  angle  size  were  always  in  the  same  direction.  Across  the 
32  £s,  however,  each  presentation  direction  occurred  equally  often  with 
each  recall  direction,  and  each  of  these  pairs  in  turn  occurred  equally 
often  with  each  angle. 

The  84  trials  were  again  arranged  in  six  arbitrary  blocks  and  the 
trials  of  one  replication  were  all  presented  before  the  second  was  begun. 

The  same  arrangements  of  the  six  blocks  were  used  to  present  a  single  list 
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to  four  £s.  Apart  from  this,  the  trials  were,  as  before,  presented  randomly. 
Within  each  trial,  the  restrictions  on  choosing  the  finishing  points  for 
each  movement  were  as  in  the  first  two  experiments.  For  Movement  Preparation 
items,  however,  the  fact  that  S  did  not  actually  move  had  to  be  taken  into 
account.  Where  a  number  of  such  items  occurred  consecutively,  the 
"finishing  point"  for  each  was  chosen  independently  and  randomly  for  each 
occurrence . 

Three  practice  periods  were  given  for  this  experiment.  The  first 
involved  only  Conditions  1,  5,  6  and  7,  i.e.,  only  Movement  Preparation 
and  Active  Movement  items,  and  rest  trials.  When  had  completed  five 
consecutive  trials  successfully,  he  was  given  the  second  practice  list, 
which  involved  only  Conditions  2,  3  and  6.  After  again  successfully  com¬ 
pleting  five  consecutive  trials,  the  third  practice  period  followed.  This 
was  similar  to  the  second  practice  period  in  Experiments  I  and  II.  The 
proportion  of  trials  of  each  condition  was  as  in  the  main  part  of  the 
experiment,  and  feedback  was  given.  This  session  was  terminated,  as  before, 
when  £  had  reached  the  2^  criterion  on  three  trials ,  or  when  he  had  completed 
ten  trials,  whichever  took  longer. 

The  only  changes  in  instructions  from  the  previous  experiment  related 
to  the  new  interpolated  items.  At  the  first  practice  period  S  was  told 
that  the  word  "ERROR"  would  appear  if  he  moved  when  "DON'T  MOVE"  was 
the  instruction.  At  the  second  (d:>actice  period,  the  importance  of  relaxing 
and  letting  the  apparatus  do  the  work  when  the  word  "RELAX"  appeared  was 
stressed,  and  instructions  were  given  about  Conditions  2  and  3.  Details 
of  these  instructions  are  in  Appendix  A. 
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Procedure 

Changes  in  the  procedure  from  the  previous  experiments  were  relevant 
to  the  new  items  used.  If  £  moved  when  ’'DON'T  MOVE"  appeared  for  a  Movement 
Preparation  item,  the  error  signal  was  "ERROR."  If  ^resisted  during  any 
of  the  conditions  involving  passive  movement,  so  that  the  clut  h  slipped 
and  the  lever  did  not  reach  the  finishing  point  by  the  time  th  .  3  sec. 
was  up,  the  error  signal  "YOU  MUST  RELAX"  was  displayed.  A  Movement 
Initiation  item  wac  signalled  by  the  apj.'earance  of  a  diamond  at  ound  the 
number  indicating  the  size  of  the  angle,  for  a  Movement  Initiation  Without 
Display  item,  the  diamond  appeared,  but  there  was  no  number  insde  it. 
Subjects 

There  were  32  right-handed  male  £s  drawn  from  the  same  soul  ce  as  for 
the  previous  experiments.  None  of  the  £s  had  participated  in  ti.e  earlier 
experiments.  Their  base  pay  and  bonus  was  as  in  Experiment  I. 

Results  and  Discussion 

Overall  Analysis 

Of  the  2688  trials  in  the  experiment,  a  total  of  101,  or  3.  6%,  were 
missing  because  of  apparatus  failures.  These  were  estimated,  as  in 
Experiment  II,  by  replacing  eaci  with  the  corresponding  value  from  the  other 
replication.  Degrees  of  freedom  were  reduced  where  appropriate. 

In  an  analysis  of  variance  on  the  absolute  errors,  two  of  the 
main  effects  were  significant;  Angles,  F_( 5,155)  =  10.74,  £<  .001,  and 
Treatment  Conditions,  F_(6,186)  =  2.34,  £  <  .05.  The  Treatment -Condition 
effects  was  subjected  to  an  £  test,  since  no  contrasts  were  planned  on  the 
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means.  There  were  two  signifipant  interactions.  Subjects  x  Angles,  F(155, 
829)  =  2.06,  £<  .001,  and  Treatment  x  Angles,  F^( 30, 829)  =  2.78,  £<  .001, 
for  which  the  explanations  are  as  previously  offered.  For  the  algebraic 
error,  the  same  main  effects  were  significant.  For  the  Treatment -Conditions 
effect,  £(6,186)  =  8.27,  and  for  the  Angles  effect,  F(5,155)  =  32.40,  all 
of  these  being  at  £  <  .001.  There  were  two  significant  interactions. 
Subjects  X  Practice,  F(31,829)  =  1.84,  £<  .01,  and  Subjects  x  Angles, 
F(155,SB9)  =  2.98,  £  <  .001. 

The  means  for  the  Angles  effect  again  indicated  undershooting  fpr  the 
three  largest  angles,  and  overshooting  for  the  three  smallest.  The 
regularity  of  this  effect  can  be  seen  in  Figure  5,  where  the  mean  alge¬ 
braic  error  is  shown  for  the  angles  in  each  of  the  three  experiments. 


Fig.  5.  Algebraic  error  as  a  function  of  target  angle  size  for 
Experiments  1,  II  and  III. 


67 


An  analysis  of  variance  was  also  carried  out  on  the  latencies  for  recall. 
These  were  measured  from  the  time  the  word  "RECALL"  appeared,  to  the  time 
when  S  moved  2°.  A  square-root  transfomation  was  carried  out  on  the  data. 

All  the  main  effects  were  significant:  Subjects,  £(31,829)  =  34.67,  p  '  .001, 
Treatment  Conditions,  £(6,186)  =  10.21,  £<  .001,  Practice,  £(1,31)  =  18.47, 

£  <  .001,  and  Angles,  £(4,155)  =  2.78,  £  <  .05.  There  were,  in  addition, 
three  significant  interactions  with  Subjects:  Subjects  x  Treatment  Conditions, 
£(186,829)  -  3.65,  Subjects  x  Practice,  £(31,829)  -  3.64,  and  Subjects  x 
Angles,  £(155,829)  =  1.93,  all  at  £  <  .001. 

The  Practice  effect  was  such  that  the  mean  for  the  first  half  was 
1110  msec.,  and  for  the  second  half,  1052  msec.  Even  though  there  was  no 
change  in  accuracy  over  the  two  halves,  Ss  did  react  slightly  faster  to 
the  "RECALL"  signal.  These  means,  as  well  as  all  other  latency  figures, 
are  the  squares  of  the  means  obtained  after  a  square-root  transformation. 

The  Angle  effect,  for  which  means  are  given  in  Table  7,  is  an  enigma, 
as  there  is  no  obvious  reason  why  Ss  should  react  faster  when  recalling 


TABLE  7 

WEAN  ABSOLUTE  AND  ALGEBRAIC  ERRORS  (IK  DEG.),  AND  NEAU 
LATENCIES  (IN  NSEC.)  FOR  THE  ANGLE  EFFECT:  EXPERiNENT  III. 


ISO 

20® 

Angle 

25®  30® 

35® 

40® 

Absolute  Error 

5.11 

5.12 

5.08 

6.08 

6. 02 

7.47 

Algebraic  Error 

2.50 

2.31 

.29 

-2.32 

-3.31 

-3.95 

Latency 

1096 

UU 

1086 

1057 

1065 

1069 

some  angles  than  others.  A  possible  explanation  is  suggested  by  the  fact 
that  the  latencies  for  the  three  smallest  angles  are  all  larger  than  those 
for  the  largest  ones.  It  may  be  that  since  recall  is  under  a  time  restriction* 
and  since  the  larger  angles  will  take  longer  to  complete  than  the  smaller 
ones,  £  reacts  faster  to  the  larger  angles  to  be  sure  of  completing  them  in 
time. 

Treatment  Effects 

Figure  6  shows  the  Treatment  Condition  means  for  the  absolute  error. 

Since  the  Treatment  Condition  means  were  not  on  any  type  of  scale,  and 
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rig.  6.  Absolute  error  for  the  seven  treatment  conditions 
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there  were  no  specific  prior  hypotheses  about  their  order,  posterior  com¬ 
parisons  were  carried  out  using  Duncan's  New  Multiple  Range  test  (Duncan, 

1955)  to  examine  all  pairwise  comparisons  among  the  means. 

For  the  absolute  error,  the  results  of  Duncan's  test  can  be  summarized 
schematically  as  follows: 

4  1  6  2  3  7  5 

Treatment  means  underlined  by  a  common  line  do  not  differ  from  each  other, 
whereas  those  not  underlined  by  a  ccHhmon  line  do  differ,  the  significance 
level  being  5%  or  better.  For  ease  of  comparison,  the  order  of  the  conditions 
in  Figure  6  is  the  same  as  in  Duncan's  test  above. 

It  is  clear  that  Condition  5  (Active  Movonent)  produced  recall  which 
was  significantly  worse  than  almost  all  the  other  conditions.  The 
differences  between  the  means  for  Condition  3  (Movement  Initiation  Without 
Angle)  and  Condition  5  was  .TS?'',  while  the  difference  required  for  sig¬ 
nificance  at  the  5%  level  was  .TUS**.  This  suggests  that  Conditions  2  and  3 
(the  two  Movement  Initiation  conditions),  vdiile  not  significantly  different 
from  each  other,  have  together  significantly  less  of  an  effect  than 
Condition  5  (Active  Movement).  Removing  from  the  display  of  Condition  2 
(Movement  Initiation)  the  number  which  tells  ^  how  far  he  will  be  moving, 
clearly  has  no  effect  on  the  results.  Similarly,  simply  asking  £  to 
prepare  a  movement  without  his  actually  making  one  does  not  have  a  sig¬ 
nificantly  detriiwtntal  effect  on  recall.  It  may  be  argued  that  the 
transitional  probabilities  associated  with  the  occurrence  of  an  Active 
Movement  item  after  a  Movement  Preparation  item  are  not  high  enough  to  make 
£  seriously  prepare  a  movement.  Even  if  this  were  so,  it  is  hard  to  imagine 


that  £  would  not  make  such  a  preparation  on  at  least  some  of  the  trials . 

And  if  this  preparation  had  any  effect,  even  if  it  were  not  sufficient  to 
produce  a  significant  effect  under  these  conditions,  it  would  at  least  raise 
the  mean  error  above  that  for  Condition  6,  the  rest  condition.  As  the  results 
show,  both  Condition  1  (Movement  Preparation)  and  Condition  4  (Passive 
Movement)  produced  mean  errors  actually  slightly  below  that  of  Condition  6. 

The  interpolation  of  passive  movements,  as  shown  by  the  results  of 
Condition  4,  obviously  has  no  detrimental  effect  on  recall.  The  import 
of  this  is  that  £  does  not  remember  the  angle  he  moves  through  in  terms  of 
any  transformation  of  the  feedback  it  generates.  This  is  in  keeping  with 
the  physiological  evidence,  cited  earlier,  indicating  that  a  response  can 
be  learned  without  kinaesthetic  feedback,  and  that  a  consistent  response 
can  be  executed  without  such  feedback. 

As  has  already  been  suggested,  while  the  two  Movement  Initiation 
conditions  together  appear  to  have  significantly  less  effect  than  the  Active 
Movement  condition,  they  do  not  differ  significantly  from  the  Rest  condition. 
The  fact  that  these  two  means  are  the  largest  of  those  conditions  not  in¬ 
volving  any  complete  movements,  however,  suggests  that  the  small  amount 
of  active  movement  they  involved  may  have  had  a  small  effect  on  retention. 

This  supports  the  view  that  the  Important  variable  affecting  retention  is 
the  amount  of  active  movement  made  by  £,  since  neither  passive  movement 
nor  movement  preparation  has  any  effect.  This  in  turn  leads  to  the  con¬ 
clusion  that  the  movement  amplitude  is  retained  in  terms  of  the  motor  outflow 
required  to  produce  that  amplitude  and  that  feedback  patterns  and  mental 
Images  of  the  movement  play  no  important  part  in  this  retention. 


The  mean  for  Condition  7  (Control)  is  almost  half-way  between  that  of 
Condition  6  (Rest)  and  Condition  5  (Active  Movement).  This  reflects  the 
combination  of  Movement  Preparation,  which  has  no  effect  by  itself,  with 
Active  Movement,  which  is  responsible  for  the  largest  effect.  The  three 
sub -conditions  which  went  to  make  up  the  control  condition  were  represented 
as  PPPM,  PPMM,  and  PMMM,  this  being  the  ordering  of  the  Preparation  and 
Active  Movement  items  within  the  retention  interval.  The  mean  absolute  error 
for  each  of  these  three  sub- conditions  was  5.74°,  6.25°  and  6.51°  respectively 
indicating  the  progressive  increase  in  effect  as  the  number  of  Active 
Movement  items  increases.  The  additional  effect  of  adding  an  Active  Movement 
item  in  the  second  position  is  less  than  that  of  adding  one  in  the  third 
position,  which  is  in  keeping  with  the  position  effect  demonstrated  in 
Experiment  II. 

In  Table  8  the  variances  for  the  seven  treatment  conditions  are  shown. 
They  are  in  the  same  rank  order  as  the  mean  absolute  errors,  except  for 

TABLE  8 

VARIANCES  FOR  THE  SEVEN  TREATMENT  CONDITIONS;  EXPERIMENT  III. 


Treatment  Condition 

Variance 

d.f. 

Movement  Preparation 

47.35 

367 

Movement  Initiation 

77.27 

372 

Movement  Initiation  Without  Display 

52.90 

375 

Passive  Movement 

61.44 

364 

Active  Movement 

51.98 

366 

Rest 

55.87 

376 

Control 

57.79 

367 
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Condition  6  (Rest),  which  has  the  smallest  variance.  Figure  7  ahows  the 
mean  algebraic  errors  for  the  treatment  conditions.  The  application  of 
Duncan's  test  gave  the  following  results,  at  the  5%  significance  level. 

4  5  3  1  7  2  6 

The  main  conclusion  from  this  test  is  that  Condition  6  (Rest)  produced 
significantly  more  undershooting  than  all  of  the  other  conditions. 


ALGEBRAIC  ERROR  (deg.) 

Fig.  7.  Algebraic  error  for  the  seven  ti  -  atment  conditions. 
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The  recall  latencies  for  the  treatment  conditions  are  shown  in 
Figure  8(  and  for  these  data*  Duncan's  test  gave  the  following  results, 
at  the  5%  level. 


7  4  S  1  2  3  6 


Condition  6  (Rest)  resulted  in  a  faster  RT  than  all  the  other  conditions.  The 
RT  for  Condition  7  (Control),  while  slower  than  the  four  fastest  conditions, 
was  not  significantly  different  from  Conditions  4  and  5  (Passive  and  Active 
Movement). 
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5  Actitive  Movement 
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Fig.  8.  Response  latency  for  the  seven  treatment  conditions. 
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In  general,  it  appears  that  interpolating  anything  results  in  an 
increased  RT.  This  may  simply  be  a  result  of  the  visual  stimulation  which 
occurs  when  any  item  is  interpolated,  in  comparison  to  the  Rest  condition, 
where  the  screen  was  blank  the  whole  time.  The  RT  difference  that  is  in¬ 
volved  is  in  the  order  of  100  msec.,  which  could  result  from  £'s  having  to 
switch  attention  to  the  recall  task  from  whatever  material  was  interpolated. 

One  possible  reason  for  the  position  effect  found  in  Experiment  II 
might  be  that  an  interpolated  item  at  the  end  of  the  retention  interval 
could  have  prevented  £  from  preparing  his  recall,  and  that  because  of  the 
time  constraint  for  recall,  the  effect  was  to  reduce  accuracy.  Evidence 
against  this  hypothesis  can  be  obtained  by  coiAparing  the  RT  and  the  absolute 
error  data  for  sach  condition.  If  the  hypoth<?sis  were  true,  those  conditions 
which  resulted  in  the  largest  absolute  error  should  also  have  had  the 
longest  RT*s,  yet  Condition  4  (Passive  Movement),  which  has  the  smallest 
absolute  error,  has  one  of  the  largest  mean  RT's.  A  more  conclusive  test 
of  this  hypothesis  was  carried  out  by  examining  the  regression  of  accuracy 
on  the  RT  across  all  conditions.  For  the  regression  coefficient, 

F_(l,<»)  =  3.61,  .05  <  £<  .01,  with  an  associated  correlation  coefficient 
of  -.02.  This  makes  it  clear  that  accuracy  and  RT  effects  are  independent 
in  these  experiments. 


CHAPTER  V 


GENERAL  DISCUSSION 

The  main  aim  of  the  third  experiment  in  this  series  was  to  shed  some 
light  on  the  way  in  which  a  movement  amplitude,  of  the  nature  presented 
in  these  experiments,  is  encoded.  Although  £  is  asked  to  remember  an 
amplitude,  rather  than  absolute  positions,  it  may  still  be  possible  for  £ 
to  remember  the  starting  and  finishing  positions  for  each  movement,  and, 
with  a  little  algebra,  to  calculate  the  appropriate  finishing  position 
when  he  is  given  a  new  starting  position.  Evidence  from  previous  studies, 
and  from  the  results  of  Experiment  I,  has  already  been  given  against  this 
view. 

An  alternative  view  is  that  the  movement  is  represented  as  an  inte^al 
force  or  velocity  over  time.  Although  these  aspects  may  play  a  part,  there 
is  evidence  that  they  aie  not  the  whole  story.  Woodworth  (1899)  found  that 
a  given  line  drawn  with  a  light  force  can  be  reproduced  quite  well  with  a 
heavy  force,  or  even  if  simply  delimited  with  two  dots.  And  the  fact  that 
a  given  line  can  be  reproduced  accurately  if  made  with  a  different  limb,  or 
in  a  different  orientation,  also  speaks  against  this.  Nevertheless,  as  each 
of  the  conditions  of  the  original  presentation  was  changed,  Woodworth  found 
that  performance  deteriorated  to  some  extent,  indicating  that  these  con¬ 
ditions  form  some  part  of  the  complex  representation  of  the  movement. 

There  is  some  suggestion  in  the  literature  that  the  movement  is  repre¬ 
sented  as  an  image.  Posner  and  Konick  (1966a)  entertain  only  two  alternatives 
for  the  encoding  of  their  motor  movement,  which  are  that  it  is  encoded  either 
as  an  image  or  with  verbal  labels.  These  authors  present  evidence  against 
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the  use  of  verbal  labels,  which  leaves  them  with  the  image  construct. 
Evidence  that  a  simple  visual  image  is  not  the  main  representation,  however, 
comes  from  tlie  lack  of  effect  of  Condition  1  (Movement  Preparation)  in 
Experiment  III.  On  the  other  hand,  to  be  fair,  the  actual  foi-m  of  the  image 
is  not  specified  by  these  authors,  and  it  may  well  be  possible  that  a 
kinaesthetic  "image"  incorporates  much  more  information  than  a  /isual  image, 
but  if  the  word  "image"  is  used  in  this  way,  its  meaning  has  been  changed 
somewhat.  The  information  that  would  have  to  be  included  in  such  an  image 
would  come  mainly  from  the  original  motor  output,  but  perhaps  also  from 
joint,  muscle  and  tendon  receptors. 

While  it  is  clear  that  no  one  source  of  information  is  likely  to  be 
the  sole  source  of  the  encoded  representation  of  a  motor  movement,  there 
are  strong  suggestions  as  to  the  most  important  one.  The  results  of 
Experiment  III  indicate  that  interpolated  passive  movement  does  not  affect 
retention  at  all.  Together  with  previous  evidence,  this  suggests  that  the 
motor  outflow  produced  in  the  original  performance  of  the  movement  is  one 
of  the  most  important  sources  of  information.  This  is  further  supported 
by  the  trend  evident  in  Experiment  III,  where  the  amount  of  forgetting  is 
directly  related  to  the  amount  of  motor  output  produced  during  the  retention 
interval . 

Another  major  question  on  which  these  experiments  can  shed  some  light 
is  that  of  what  happens  to  the  representation  of  thet  movement  as  it  is 
fQrgotten.  There  is  something  analagous  to  decay,  since  forgutting  occurs 
over  time  when  there  is  an  unfilled  retention  interval,  and  whan  3  min. 
separates  trials  (Adams  and  Dijkstra,  1966).  There  is  also  an  interference 
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effect t  dependent  on  gross  similarity  between  the  retained  movement  and  the 
interpolated  item,  as  shown  by  present  and  previous  rer^ults. 

The  results  of  Experiment  II  also  show  an  effect  which  is  quite  different 
from  that  found  in  the  verbal  situation.  In  the  present  case,  the  later  the 
material  is  interpolated  in  the  retention  interval,  the  worse  is  recall, 
whereas  with  verbal  material,  recall  appears  to  be  worse  with  earlier  inter¬ 
polation.  The  effect  of  the  interpolation  therefore  seems  to  be  proactive 
on  the  recall  process,  rather  than  retroactive  on  the  original  learning. 

It  cannot  be  a  matter  of  interference  during  storage,  or  of  accelerated 
decay  resulting  from  the  presence  of  the  interpolated  items,  as  the  decrement 
in  recall  results  from  conditions  which  minimize  these  factors. 

There  are  several  alternative  explanations  of  these  results.  One  is 
that  they  arise  from  interference  with  the  recall  process  resulting  from 
temporal  proximity  of  the  interpolated  movement.  The  fact  that  £  has  just 
made  a  movement  leaves  him  in  something  analagous  to  a  refractory  state, 
in  which  the  organization  of  the  next  movement,  the  recall,  is  impaired. 

An  objection  to  this  is  that  all  the  previous  evidence  on  refractory- 
period  phenomena  suggests  that  it  may  last  up  to  .5  sec.,  and  certainly 
not  ov^  1  sec.  (Melford,  196i,  p.  120).  In  the  present  experiment,  a 
re^ctory  period  lasting  up  to  1  sec.  may  have  been  sufficient  to  impair 
recall,  since  only  3  sec.  were  allowed  for  the  recall  to  be  completed.  In 
the  experiments  of  Williams  et  al«  C19S9),  however •  in  Implied  that  Ss 
had  as  long  as  they  wished  to  complete  the  recall,  yet  there  was  still  s 
decrement  resulting  from  intsrpolated  novemeiits.  furthermore,  ansiyses 
relating  RT  to  accuracy  in  tiqperiment  III  suggest  that  there  is  »o  relation 
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between  the  two,  whereas  it  is  unlikely  that  a  refractoc7->psriod  phenotnon 
would  cause  an  increased  error  without  also  causinf  an  increased  RT. 

Several  other  explanations  derive  from  the  steep  forgetting  curves,  shown 
by  Posner  and  Konick  (1966a)  and  Adams  and  Dijkstra  (1966)  for  a  discrete 
motor  movement,  even  tdien  there  is  no  interpolated  mattipial  of  any  ktod. 

In  the  case  of  Adams  and  Dijkstra,  the  **half  life"  of  the  item  was  ^out 
20  sec.,  while  it  was  about  $  see.  in  the  Posner  and  Konick  study.  It  would 
follow  that,  if  the  decay  is  an  exponential  process,  the  ratio  of  the 
strength  ot  the  interpolated  item  to  that  of  the  retained  item  would  be 
greater  the  later  the  interpolated  item  is  presented. 

There  are  a  number  of  ways  in  which  the  obsarved  effects  could  result 
from  relative  strength  notions  such  as  this.  One  possible  meehanism  is 
that  when  the  interpolated  item  occurs  early  in  the  retention  interval,  the 
strength  of  the  t«rget  iteet  is  stiU  so  groot  that  the  trace  of  the  inter¬ 
polated  item,  which  does  not  have  to  be  retained,  is  obliterated.  Combined 
with  this  could  be  the  fact  that  when  the  interpolated  Itoa  occurs  late 
in  the  retention  Interval,  its  strength  is  such,  relative  to  the  strength 
of  the  already-decayed  target  item,  that  accurate  recall  of  the  target  is 
difficult. 

Another  possible  mechanism  which  could  be  responsible  for  the  lack 
of  effect  of  the  iteM  interpolated  early  in  the  retention  interval  is  that 
Ss  may  be  able  to  actively  forget  such  items,  since  they  do  not  hove  to 
be  retained.  There  is  evidence  (Bjork,  LaBerge  6  Legrond,  196B)  that 
with  verbal  material  Ss  can  actively  forget  items  they  know  they  do  not 
have  to  retain,  if  this  process  takes  seme  time  to  occur,  it  is  possible 
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that  it«M  intarpolatad  MPly  could  bo  fcr^^ottoo  tbio  process,  tut  sot 
itoM  intorpolotod  loto. 

Those  tuo  ouplonotlons  ore  sinilor  In  that  both  occouKt  for  the  ct&erved 
offoets  os  resulting  frooi  the  forgetting  of  interpoleted  itens  presetittid 
eoriy  In  the  retention  interval.  In  the  first  casts  the  foigc&tine  Is  the 
result  of  a  decay  process  uhich  £  could  not  arrest  even  if  h*  were  trying 
to  retain  the  Itaa,  while  in  the  second,  it  is  an  active  process  on  S's 
pert,  e  process  which  tekes  som  tine  to  initiste.  A  test  between  these 
two  poeitioas  eould  be  errenged  by  hevlng  S  retain  the  interpolated  ite&s , 
and  then  telling  hia  to  forgot  thaa  jjuet  prior  to  the  recall  of  the  target 
itea,  but  with  an  interval  between  the  '^forget"  inaoruction  and  tha  recall 
which  ia  long  enough  for  the  forgetting  to  take  place.  At  an  initial 
epproxiaation,  3  aae.  aheald  ba  auffieiaat  for  thia.  If  thare  wara  atill  a 
tandaacy  fdr  iteaa  oecusrlng  latar  in  tha  retantion  interval  to  product  a 
grootar  dacraaant  in  retention,  aui|^>ort  would  bo  given  to  the  notion  that 
apontaneoua  decay  alena  ia  raepeaoible.  Should  all  itaaa  have  little  or 
no  effect,  thia  would  aupport  tha  notion  that  S  ihaa  actively  forgotten  the 
interpolated  aovs^ta. 

Beth  of  theae  prepeaed  axplanationa,  which  rely  on  relative-strength 
notions,  are  vereiona  of  a  response  coapetition  explanation.  The  effactiveneaa 
of  tha  intarfaranee  la  a  ftiaetlon  of  the  relative  strtngtha  of  the  traces 
of  the  eoapoting  Itea  end  the  retained  itea  at  the'tiae  of  recall.  In  the 
verbal  learning  Utarature*  thara  ia  a  conaidarable  body  of  avidenca  againat 
aaeh  a  poaltioa  (a.g.«  Poaaar  and  Koniek,  ISSSb;  Conrad,  19S7;  Martin, 

1969).  Ibia  avidanea  aCaas  largaly  tnm  tha  Hex  that  tha  nuaber  of  instruaien 
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errors  Is  not  perfectly  related  to  the  amount  of  forsettinf  of  the  wifinal 
list,  and  that  when  both  responses  in  an  A-B  A-C  paradiipe  are  called  for, 
the  probabilities  of  the  recall  of  B  and  C  are  independent. 

In  Che  present  situation,  nothing  analagous  to  intrusion  errors  were 
fouhd  when  the  sites  of  recalled  angles  were  coapared  to  the  sites  of 
Int^polated  angles.  This  suggests  that  with  aotor  Material,  a  siaple 
response-Mapetition  e)q>lanation  will  not  account  for  the  obtained  position 
effect.  Another  explanation  which  will  not  do  is  any  version  of  disruption 
of  consolidation.  Since  interference  is  worse  when  it  oceiiors  later,  its 
effect  cannot  be  due  to  disruption  of  consolidation,  as  it  is  central  to 
this  notion  chat  the  trace  is  oost  labile  iaaediately  after  the  event,  and 
that  interference  should  therefore  have  its  strongest  effects  when  it  occurs 
iaaediately  after  the  presentation.  An  explanation  in  teras  of  difficulty 
in  differentiating  the  two  responses  is  also  ruled  out,  since  such  an 
explanation  desMnds  that  recall  pwferaance  should  decrease  as  the  tiae 
since  the  presentation  of  the  interpolated  itea  increases,  the  opposite  of 
what  is  found. 

In  looking  for  an  explanation  of  the  position  effect  we  are  therefore 
left  with  attention  focused  on  the  aajor  difference  between  verbal  and 
ootor  retencien,  the  fact  chat  there  is  a  rapid,  apparently  9^M>ncaneotts, 
decay  of  the  aotor  trace.  The  effect  of  this  is  to  produce  differences 
in  trace  strengths  between  target  and  interpolated  iteas  at  the  tiae  of 
recall,  differences  which  could  be  enhanced  by  effects  on  the  interpolated 
saterial  of  the  original  presentation,  or  by  active  forgetting  of  the 
interpolated  aaterial.  Although  obvious  intrusion  errors  were  net  found. 
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thcM  differing  relative  etrengths  could  be  responsible  for  the  obtained 
results  in  a  aore  general  uay.  Xt  could  be  the  case  that  recall  is  not 
Norse  because  S  has  aide  a  aoveaent  of  a  particular  sise  just  before  recall, 
but  because  he  has  aade  any  aoveaent  at  all.  The  results  of  Dtperiaent  III 
indicate  that  it  is  interpolated  aotor  output  which  causes  the  decreaent, 
while  the  results  of  Csperiaent  III  suggest  that  the  closer  the  interpolated 
aoveaents  occur  to  recall,  the  aore  adversely  they  will  affect  that  rfcall. 

Xt  is  not  possible  to  be  aore  specific  than  this  at  (s^esent,  but  even  in 
the  verbal  situation,  Martin  (1969)  points  out  that  no  good  esplanation  of 
retroactive  interference  effects  exists. 

Xn  connection  with  the  question  of  what  happens  to  the  trace  of  a  aotor 
act  as  it  is  forgotten.  Pepper  and  Herasn  (1970)  direct  their  attention  to 
effects  on  algebraic  errors.  In  a  nuiid>er  of  studies  of  the  retention  of 
a  aoveaent  extent,  including  a  reexaaination  of  data  by  Posner  (1967),  who 
does  not  quote  algebraic  errors.  Pepper  and  lleraan  find  a  negative  tiae 
error,  i.e.,  an  undershooting,  which  in^ireaees  with  tiae.  Other  studies 
which  support  this  finding  are  Adieu  and  Dijkstra  (1966)  and  Stelaach  (1969). 
Pepper  and  Htraan  aej^ount  for  this  in  terns  of  the  oaditioml  fading* 
traee  theory. 

A  second  finding  with  respect  to  the  algebraic  effect  is  that  any 
interpolated  aaterial  tends  to  result  in  a  aore  positive  error.-  The  results 
of  all  the  present  experiaents  support  this  finding.  Xn  the  first  experinent, 
the  rest  condition  resulted  in  an  undershooting  of  1^  to  3<*,  while  the  aean 
for  the  interpolated-noveaent  conditions  was  close  to  sero.  In 
experinent  XX,  a  slight  undershooting  of  about  1^  is  reduced  to  lero  with 


interpolated  Mterial,  although  the  position  effects  in  this  case  ar«  soae- 
uhac  confiising.  Finally,  in  Deperiaent  III,  a  nean  algebraic  error  of  about 
-2.5^  is  raised  to  between  -1<*  and  *5^  by  the  interpolation  of  any  asterial. 
The  largo  between-^  differences  and  the  nai^  interactions  aske  it  quite  clear 
that  these  are  only  average  effects,  nevertheless,  they  appear  to  be  qui^e 
consistent.  Pepper  and  Heman  offer  an  asplanation  in  teres  of  the  dis¬ 
tracting  effects  of  the  interpolated  aaterials.  They  give  evidence  that 
any  such  distraction  will  cause  an  increase  in  nuscle  tension,  which  eay 
augnent  ilie  fading  trace.  The  £,  when  recalling,  win  then  be  attempting 
to  match  a  larger  trace,  and  he  will  therefore  give  a  raised  algebraic 
error.  3(0  place  is  given  in  their  account,  however,  for  the  increase  in 
absolute  error  tihich  has  been  found  in  the  present  eiq>erinents,  as  wall  as 
in  previous  ones.  Some  imporunce  should  also  be  plaoed  on  the  present 
finding  that  the  variance  of  the  algebraie  errors  mirrors  very  closely  the 
absmlute  error.  It  is  quite  possible  for  the  absolute  error  to  increase 
without  a  cwrosponding  increase  in  the  variance.  The  feet  of  this  variance 
increase  suggests  that  S  is  trying  to  match  a  trace  which  is  not  only 
"shrinking"  (which  would  be  a  less  ambiguous  term  than  "fading"),  but  also 
getting  dimmer  in  some  sense,  so  that  it  is  reproduced  less  accurately. 

This  suggestion  is  sta*r:iigly  supported  by  the  effect  of  angles  on  the 
algebraie  error,  as  shox.i  in  Figure  S.  The  finding  that  the  smaller 
amplitudes  in  a  series  are  overestimated  and  the  larger  ones  underestimated 
Is  not  new;  it  was  explored  et  length  by  Hollingworth  (1909).  It  indieetee, 
however,  that  Ss  tend  to  err  toward  the  mean  when  making  their  recall. 

This  could  be  tekeh  ea  etrong  evidence  that  the  tendency  for  the  "ahrinking" 
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trace  to  aove  toward  the  mean  angle  presented  is  much  stronger  than  its 
tendency,  whatever  its  original  sise,  ta  shrink  absolutely.  However,  it 
is  mueh^MM  likely  that  this  represents  a  tendency  for  S  to  guess  at  the 
mean  whenever  he  is  in  doubt  as  to  the  size  of  the  angle  presented.  This 
effect  is  obviously  much  stronger  than  any  absolute  shrinkage.  If  it  were 
not,  we  would  expect  the  negative  time  error  to  be  present  for  each  angle 
taken  separately,  and  not  just  for  the  mean  of  ail  the  angles.  It  therefore 
seems  clear  that  whatever  the  effects  of  intwrpolated  material  on  the 
algebraic  ,?rror,  there  is  a  strong  tendency  for  forgetting,  whether  it  be 
a  result  of  time,  as  in  previous  expertoents,  or  of  interpolated  material, 
as  in  the  pressnt  ones,  to  cause  the  representation  of  the  movement  to 
fade  as  well  as  to  shrink*  The  results  of  the  present  experiments  make  it 
clear  that  this  tendency  must  be  included  if  all  the  results  are  to  be 
explained. 

SuBBiiry  and  Conclusions 

This  series  of  experiments  has  attempted  to  shed  some  light  on  the 
encoding  and  forgetting  of  discrete  motor  movements.  Th&  techniques  that 
have  been  used  involved  the  interpolation  of  motor  movements  or  sub- 
movements  in  the  interval  during  which  a  discrete  motor  movement  is  being 
retained. 

The  major  findings  of  Cxpwiment  I  are  that  three  movements  inter¬ 
polated  in  a  9-sec.  retention  interval  are  sufficient  to  produce  a  recall 
decramant,  and  that  recall  accuracy  is  not  significantly  affected  by 
whether  or  not  the  recall  is  made  over  the  same  path  as  the  original  pre¬ 
sentation.  A  tendency  was  also  found  for  movements  made  to  the  right,  or 
away  ^eom  the  body,  te  be  better  retainedo 


In  Experiment  II,  both  the  amount  and  position  of  interpolated  material 
was  varied.  As  expected,  the  effect  of  amount  was  such  that  recall  decreased 
as  the  amount  of  interpolated  material  increased..  However,  the  effect  of 
position  of  the  material  within  the  retention  interval  was  strong,  with 
material  occuring  late  in  the  retention  interval  producing  worse  recall. 

This  is  in  contrast  to  the  verbal  situation  were  there  is  a  tendency  for 
material  presented  early  in  the  retention  interval  to  have  the  most  detrimental 
effect  on  recall.  The  effect  of  the  interpolated  material  on  the  motor 
item  must  therefore  occur  at  recall,  and  is  not  a  matter  of  interference  with 
a  trace,  or  of  accelerated  decay  of  that  trace  during  storage.  However, 
although  this  major  difference  appears  between  the  motor  and  the  verbal 
situation,  there  is  the  similarity  which  results  from  the  fact  that  an 
interpolated  motor  item  of  the  same  gross  nature  as  the  item  to  be  remembered 
does  adversely  affect  recall. 

This  finding  was  examined  further  in  Experiment  III,  where  the  motor 
movement  was  broken  down  into  subunits,  some  of  which  were  presented 
separately  during  the  retention  interval.  Interpolated  items  which  involved 
only  feedback  components,  or  only  components  which  are  involved  in  the 
preparation  of  the  movement,  were  not  found  to  interfere.  Interference 
was  found  to  be  a  function  only  of  the  amount  of  motor  outflow  produced 
during  the  retention  interval.  It  was  therefore  concluded  that  since 
motor  outflow  is  the  only  component  to  affect  the  recall,  the  motor  outflow 
component  of  the  original  movement  is  an  important  encoding  dimension  for 
the  retention  of  that  movement. 
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rlnaUy,  the  concept  of  a  shrinking  trace  was  discussed.  In  the  present 
experiments,  forgetting  is  manifested  as  an  Increase  in  the  variance  of 
recaU  as  well  as  a  change  In  its  constant  error.  This  Indicates  that  for¬ 
getting  must  he  the  result  of  a  dimming  of  the  trace,  and  not  only  a  result 
of  a  change  in  its  size  or  extent. 


APPENDIX  A 


INSTRUCTIONS  TO  SUBJECTS 

The  ^  was  seated  in  the  chair  and  his  arm  fitted  to  the  apparatus 
so  that  the  tip  of  each  elbow  was  always  in  a  constant  position.  He  was 
asked  to  move  the  lever  through  the  limits  of  its  travel,  and  was  shown 
how  to  rest  his  arm  in  his  lap  between  trials,  and  how  to  find  the  lever 
without  looking  for  it  visually.  He  was  then  given  the  following  instructions. 

Experiment  I. — "This  experiment  is  divided  into  a  fairly  large  number 
of  discrete  trials,  each  lasting  about  30  sec.  During  each  trial  you  will 
move  your  ar^t  through  an  angle,  and  then,  about  10  sec.  later,  you  will 
try  to  reproduce  that  movement.  Instructions  will  appear  on  the  screen 
in  front  of  you;  watch  it  the  whole  time,  don't  try  to  look  down  at  your 
elbow. 

"Each  trial  will  begin  with  the  words  'GRASP  LEVER'  appearing  on  the 
screen.  This  is  a  signal  for  you  to  find  th<  lever,  grasp  the  handle  and 
hold  it  steady,  as  I  showed  you.  Then  the  words  'MOVE  AND  REMEMBER'  will 
appear,  with  an  arrow  underneath  them.  On  this  signal,  move  the  lever 
smoothly,  in  the  direction  of  the  arrow,  until  it  stops.  Your  arm  has  now 
moved  through  an  angle  or  a  distance,  however  you  wish  to  think  of  it, 

,;-,nd  it  is  this  angle  which  you  will  have  to  reproduce  about  10  sec.  later. 
During  this  10-sec.  period  a  number  of  movements  may  take  place,  as  I 
will  explain  in  a  moment.  You  will  then  see  the  word  'RECALL'  on  the  screen, 
with  an  arirow  beneath  it.  This  is  a  signal  for  you  to  try  and  move  your 
arm  through  the  same  angle  it  moved  through  when  you  saw  'MOVE  AND  REMEMBER' 
about  10  sec.  earlier.  I  want  to  stress  that  it's  the  angle  or  distance 
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that  counts;  you  are  not  being  asked  to  move  your  arm  back  to  any  particular 
position.  No  matter  where  your  arm  is  when  'RECALL'  appears,  move  it  from 
that  position  through  the  same  angle  you  moved  it  through  when  you  saw 
'MOVE  AND  REMEMBER.  ' 

"During  the  intervening  10«sec.  period,  the  screen  may  remain  blank, 
in  which  case  just  keep  your  arm  still  for  that  period.  Otherwise,  you  may 
be  asked  to  make  a  number  of  movements.  Whenever  you  see  a  number  on  the 
screen,  with  an  arrow  underneath  it,  prepare  to  move  that  many  degrees  in 
the  direction  of  the  arrow,  but  don't  move  until  the  word  'MOVE'  appears 
above  the  number.^  When  the  word  'MOVE*  does  appear,  move  as  quickly  as 
possible.  When  the  word  'RECALL'  appears,  try  to  reproduce  the  original 
angle  of  movement,  as  I  explained  earlier.  The  trial  ends  with  the  word 
'REST',  which  is  a  signal  for  you  to  rest  your  arm  in  front  of  you,  as  I 
showed  you.  During  the  interval  between  trials,  the  lever  will  automatically 
be  reset  to  a  new  position. 

"Durir^  a  trial,  anytime  you  make  a  mistake  an  appropriate  message 

will  appear  on  the  screen.  The  messages  are  fairly  self-explanatory,  but 

I'll  just  run  through  them.  'WRONG  DIRECTION'  and  'KEEP  STILL'  are 

obvious.  'DON'T  ANTICIPATE'  appears  if  you  move  before  you  are  told  to 

in  the  intervening  movements.  You  only  have  about  2  sec.  to  complete 

eadh  movement;  if  you  exceed  this  limit  'TOO  SLOW'  will  appear.  If, 

for  any  reason,  you  almost  reach  the  limit  of  the  lever's  travel,  'TOO 
2 

FAR'  will  appear.  Immediately  after  any  of  these  errors,  'REST'  will 
appear  and  the  next  trial  will  follow. 


'TilWilly,  Mch  aovMMnt  you  mI;«  mut  too  aiiooth  «od  doliboroto,  b«c«UM 
as  far  as  tha  coBputar  ^  <^ancarn«d  your  Mvaaont  is  ovsr  ooe«  you  const  to 
a  stop.  This  Mtans  you  ean*t  isakt  any  eorrtctions  afttr  stn^ing  ttm  first 
tine. 

"'Vt  wiU  havt  sous  praetict  btfore  btginning  tht  tsq^trlBtnt,  sod  I'll 
b«  hart  to  ansuar  any  q^stioos  during  tha  praetiea.  Do  you  htva  any 
questions  now?" 

After  tha  first  praetiea  period,  thaaa  instruetions  foilouad.^ 

"now  that  you  undarstand  fmir  tha  axpariaant  works,  lat  na  tall  you  what 
wu  are  atasuring.  Our  atin  eoneam  it  with  your  ability  to  raproduca  tha 
initial  angle  eorraetly*  Kowavar,  wa  are  also  taking  aany  aaasuraaants 
on  tha  intervening  aovaaantst  tha  tiaa  it  takas  you  to  begin  aoving  after 
*M0V£*  appears,  and  tiaa  to  ooa^lata  the  aovaaant,  as  wall  as  your 
aceunc>  in  aaki^  tha  required  astiaations*  Wa  are  eonearnad  with  how 
wall  you  ean  aaka  these  astiaations  under  conditions  where  you  are  trying 
to  raaaabtr  another  aovaaant. 

"Your  pay  for  tha  aicpariMnt  will  be  $2.25  plus  a  bomis  of  3  cants 
each  tiaa  your  recall  is  within  2**  of  tha  angle  prasantad.  To  give  you 
soaa  ides  of  how  you  are  doing,  for  tha  next  praetioa  period  only.  I'll 
tell  you  through  this  intarcoa  what  your  error  is  in  degrees  each  tiaa 
you  recall."'* 

After  this  pt^otica  period,  £  was  brought  out  of  tha  asqsariaatttal 
rooa  for  a  few  ainutas  while  £  prepared  for  tha  aspariaantal  session. 

Tha  £  was  told  that  tha  axpariaant  would  last  about  45  ain.  and  that 
there  would  be  a  short  rest  half-w^  through.  Ha  was  than  seated  and 
told  to  put  on  the  headphones. 


EKPTltot  II.— »Tht  inimfeetlo»s  w&e*  tt»#  siMm  as  for  Dcporl^nt  J, 
Mcopt  that  tha  ratantlon  intarval  ims  dascriliad  as  kalnf  about  1%  s4s&. 
inataad  of  10.  and  tha  Min  anpariinent  ms  datcribad  as  taking  about  an 
hoiar  Inataad  of  US  nln^ 

Cxparlnaot  111.— Tha  insiruetiot^  Mara  iargely  the  san*  as  lot* 
kap^iaant  II*  irith  tha  foiloulng  najor  Insertions  and  changes.  Thu 
nunbers  rafar  to  the  supapscrlpts  in  tha  above  inotruetions*  wJtieh  In¬ 
dicate  the  relevant  points  of  insertion  or  change. 

1.  Insert  "You  aust  wait  until  tha  instruction  appears*  because 
sonatisMs  tha  words  will  be  'DON'T  N0\^,'  in  which  case*  of  course*  you 
will  ranain  still*** 

2.  Insert  "and  if*  in  one  of  the  intervening  noveMnts*  you  novo 
when  'DON'T  NOVC  is  displayed*  the  word  'OtROR'  wlU  appear." 

3.  An  additional  practice  period  ms  given  at  this  point*  with  tha 
following  instructions. 

"So  far*  tha  intervanii^  noveaents  have  included  only  those  with  'NOVC* 
or  'i30N'T  NOVC'  above  the  angle*  There  are  two  acre  basic  types  which 
you  win  have  soue  practice  with  now*  For  tha  first*  instead  of  'NOVC*' 
the  word  *RCLAX'  will  appear.  In  this  ease*  just  relax  and  the  lever 
will  nova  your  ana  through  the  angle  displayed,  i^sn't  resist  the  aoveuent* 
but  don't  help  it  either*  In  the  ether  type*  the  nunber  will  appear  with 
a  dianond-shaped  box  around  it.  The  cooMnd  will  still  be  'NOVC'  but 
all  you  have  to  do  is  initiate  the  novenent.  As  soon  as  you  start  aoving* 
the  Mchine  will  take  over  end  finish  it  for  you.  Soawtiises  the  diauond 
will  appear  without  a  nunber  within  It.  Treat  this  just  as  if  there  were 
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MM  nuMb«r  fh«r«.  Any  quMtions?  Mom  m  will  h«v«  mm  praetie*  with 
th«s«  trials.** 

«i.  Ths  followlfli  iassrtiofi  wu  w4s  in  tht  inatnietloM  for  ths 
final  praetiet  parlod. 

"Durint  this  praetics  pariod,  ths  various  typos  of  trials  will  all 
occur  in  ths  ssm  proportions  as  in  ths  Min  sspsriMnt.** 


APPCtDlX  B 


TABIXO  VALUES  TGR  BATA  SHOV:i 
III  riGURES  3,  6,  7  4nd  &» 

TABLE  1 

ABSOLUTE  ERAOB  (IN  DEO.)  fOR  TiiE  EIGSIT  TRi:ATKL*ir 
CONDITIONS:  EXPERIKPIT  11  (riGUBES  3  L  4). 

Tr— tiWRt  Coodttioft 

1234  5  £76 


TABLE  2 

ABSOLUTE  ERMR  (IN  DC6.)  TOR  THE  SEVEN  TREATMENT 
CONDITIONS:  EXPERIMENT  III  (FIGURE  6). 
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TABtX  3 

AZjGCBRAXC  CMIOR  (IN  DEG.  )  FOR  THE  SEVEN  TRCATHENT 
CONDITIONS:  EXPERlHCtlT  XII  (FIOURE  7). 


TroAtMot  Condition 

12  3 

4  S  6  7 

Algebraic  Error 

-0.se  -1.01  -0.49 

.S7  -O.IS  -2.60  -0.97 

TABLE  4 

RESPONSE  UTENCIES  (IN  NSEC.)  FOR  THE  SEVEN  TREATMENT 


CONDITIONS: 

EXPERIMENT  III  (FIGURE  9). 

1 

Trontaont  Condition 

2  3  4  S 

6 

7 

Rosponst  Latency  1040 

1037  1031  1062  1049 

986 

1071 
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series  of  tlu*cc  experiments  examined  retroactive  interference  in  the  re-  j 
tention  of  discrete  movements,  and  used  this  technique  to  examine  the  encoding  ! 
of  a  discrete  movement.  The  apparatus  used  for  this  purpose  was  a  manual  lever 
which  could  swing  in  a  horizontal  plane.  The  lever  could  be  moved  by  £.  or  it  ' 
could  be  mechanically  driven,  moving  £’s  arm  through  some  predetermine?  angle. 

The  first  experiment  showed  that”three  additional  arm  movements  interpolated 
in  a  9-sec.  retention  interval  resulted  in  recall  that  was  significantly  poorer 
than  when  the  retention  Interval  was  unfilled. 

In  the  second  experiment,  the  temporal  position  of  interpolated  movements 
within  the  retention  interval  was  examined.  Results  showed  a  significant  ten¬ 
dency  for  recall  to  be  poorer  when  material  was  interpolated  towards  the  end  of  , 
the  retention  interval.  Similarity  effects  along  the  dimension  of  angle  size 
were  not  found.  ' 

In  the  third  experiment,  the  interpolated  material  involved  different  com¬ 
ponents  of  a  complete  movement,  as  it  was  argued  that  those  components  which  werej 
rno,st  important  for  the  encoding  of  a  movement  would  produce  the  greatest  inter- 
fr-r-'iice.  Intorpola ted  m.aterial  included  preparation  of  the  movement,  initiation  | 
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directly  related  to  the  amount  of  motor  output  produced  by  S  during  the  reten- 
■cion  interval,  which  suggests  that  the  most  important  infomatior.  used  to  encode 
discrete  ..'lO’/ernent  is  the  motor  output  required  to  execute  that  movement,  i 
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